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TO P. J: 


Preface 


This book represents an effort to establish a new scientific approach to human 
learning phenomena—one that will be as meaningful in educational practice as in 
laboratory research. Such an approach has long been needed to bridge the gap 
between the experimental psychology of learning and the practical needs of teaching 
and training. We believe that the existence of this gap is due not to any lack of 
diligence on the part of learning psychologists or educational researchers but rather 
to the fact that conventional learning psychology is largely inappropriate in the 
educational arena. General theories of learning, based as they are on animal 
research, make no allowance for the highly specialized nature of human behavior 
Organization, as manifested particularly in instrumental and symbolic skills. Even 
research on human learning has so often dealt with meaningless behavior in such 
restrictive ways that the results have little relevance to problems of educational 
design, 

The broad outlines of a new scientific approach to human learning became 
apparent more than twenty years ago when the research efforts of wartime training 
psychologists laid the foundations for the discipline known as human engineering. 
The central idea that emerged was that performance and learning must be analyzed 
in terms of the control relationships between a human operator and an instrumental 
Situation. That is, learning was understood to be determined by the nature of the 
behaving individual as well as by the design of the learning situation—an under- 
standing that structured the human factors approach to training research. Further, 
human engineering analyses called attention to the concept of the behaving indi- 
vidual as a closed-loop or cybernetic system utilizing the processes of sensory 
feedback in the continuous control of behavior. These ideas are central to the area 
of theory and research known as behavioral cybernetics. 

The central thesis of this book is that the cybernetic interpretation of behavior 
represents not a specialized field of interest but a general theory of behavior 
°rganization which challenges much psychological thinking including the conven- 
tional theories of learning. Cybernetic theory views the individual as a feedback 
System which generates its own activities in order to detect and control specific 
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stimulus characteristics of the environment. In keeping with this point of view, 
cybernetic research analyzes the intrinsic mechanisms by means of which control 
is established and maintained—that is, the closed-loop sensory-feedback mechanisms 
that define the interactions between the individual and his environment. In contrast. 
conventional learning research conducts open-loop analyses of the relationships 
between extrinsic events—stimuli and reinforcements—and observed responses. 

The difference between closed-loop and open-loop analyses represents more than 
a difference in research strategy: it reflects a fundamental difference of opinion 
concerning the regulating factors in behavior and learning. Whereas conventional 
learning psychology proposes that learning is defined by the occurrence of external 
events in appropriate temporal relationships, cybernetic theory proposes that 
learning as well as other aspects of behavior organization are determined primarily 
by the nature of the feedback-control processes available to the behaving individual. 
Thus, if we are to structure the course of learning, we must design the learning 
situation to fit the control capabilities of the learner. 

The various implications of this cybernetic view have determined the content of 
this book. A primary idea is that principles of human learning are clarified by an 
evolutionary and historical approach. Thus, we launch our argument by describing 
the distinctive features of evolutionary development of human learning. Modern 
man is partly a product of his own educational design, for his ability to exercise 
control over the physical and social environment and the particular behavior pat- 
terns which he uses in such control are defined by feedback interactions with tools, 
instruments, machines, symbol systems, and institutions of human design. Biosocial 
evolution has involved feedback interactions between human characteristics and the 


vior and learning differ markedly 
nimal learning have but limited 
this reason, we make only passing 
the stage for research on human 


nonmeaningful settings, such 
do not reveal the distinctive processes 
rol. The cybernetic view that human 


instructional programs and review the evaluative research on programed learning. 

This latter area is of particular interest because it represents the first major 
foray of animal learning psychology into the educational arena. We explore the 
design factors in self-instruction from a cybernetic point of view, skeptical of the 
claims that programed learning follows the principles of operant conditioning or 
reinforcement learning. 

The last part of the book presents an overview of behavioral cybernetics, 
describes its experimental foundations, and discusses its meaning in relation to 
human behavior specializations. Cybernetic or feedback research constitutes a new 
type of experimental science of behavior and learning which has been developing 
for some twenty years since the first studies of feedback delay in military machine 
operations. Since that time, electronic, optical, acoustic, television, and computer 
techniques have been developed to vary spatial, temporal, and kinetic properties 
of the sensory feedback of dynamic response patterns. Although the major tech- 
niques are fairly new, they are related to a long experimental tradition introduced 
by Stratton: studying the organization of visually controlled behavior by displacing 
the visual field with lenses, prisms, or mirrors. 

One of the aims of this book is to introduce the concepts and methods of the 
closed-loop hybrid analog-digital computer system as a generalized laboratory 
instrument in cybernetic research. The senior author has been concerned for some 
time with designing a laboratory system in which a high-speed digital computer is 
used not for data processing but as a scientific instrument to control experimental 
feedback variables. In this book we explain how such an operation is set up for 
systematic research on the effects of delayed, space-displaced, and perturbed sensory 
feedback on performance and learning of many different kinds of response pat- 
terns. Feedback research is especially relevant to education for much of it is 
directly concerned with the control and learning of educational skills—speech, 
reading, writing, and other instrumental and cognitive skills. These areas of re- 
search are described in some detail. ; 

An important implication of the cybernetic view is that studies of development 
complement studies of learning in furthering our understanding of organization 
and change in behavior. In the last part of the book, we define the role of con- 
tinuous dynamic activity and its space- and object-related feedback processes in 
the development and elaboration of motor coordinations, verbal and instrumental 
skills, and cognitive behavior. Both maturation and learning are thought of as 
involving interrelated feedback mechanisms by means of which responses are 
integrated, differentiated, and changed. By emphasizing the significance of somatic 
behavior in regulating development and learning as well as psychophysiological 
function, cybernetic theory provides a new approach to all aspects of teaching, 
training, and rehabilitative science. ; ; 

The underlying theme of this book is that behavior must be conceptualized as 
Space-organized rather than time-organized as implied by associationism, S-R 
learning models, and the synaptic concept of neural integration. Feedback research 
has accumulated a considerable body of evidence showing that somatic response is 
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controlled by detection of spatial differences in stimulus patterns and that temporal 
organization in behavior is derived from its continuous spatial patterning. We 
believe that the human individual at the outset—in early childhood or in prehistory 
—has no real sense of time but lives in a space-ordered world. The most important 
aspect of cognitive development in the human species as well as in the human 
individual is the process of capturing numerous different modes of sensing, con- 
ceiving, and predicting time relationships. Over all, education is a behavioral, an 
institutional, and a social process for preserving the record of and extending the 
adventures of Homo sapiens into the fourth dimension. 

The feedback research described in this book has been carried out in collabor 
tion with many students. Particular credit should be given to Dr. John D. Gould, 


Sherman D. Ansell, and Terence J. Schuh, who collaborated in several research 
projects and helped to develop laboratory resources. 


Special credit is due Gerald Servos and Harold Washington 
expertness w 


system. 
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; whose technical 
as a major aid in designing and developing the computer laboratory 


The senior author has received major financial support from the National Science 
Foundation and the National Institutes of Health. Regular grants from these sources 


have made possible the development of a computer-controlled laboratory of experi- 


mental behavioral cybernetics and have supported the research described in this 
book. 
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CHAPTER 


i 


Human Factors 


in Learning Science 


This is a book about human learning 
and how it is determined by human 
design and the design of the learning 
situation. The emphasis on human de- 
sign implies that man differs from other 
animals in his behavior organization to 
such an extent that a science of human 
learning cannot be founded primarily on 
animal research. The emphasis on situa- 
tional design extends our analysis from 
the laboratory to the educational arena, 
where individuals learn the meaningful 
skills and patterns of symbolic knowl- 
edge that fulfill their human potential. 
This means that we shall deal from time 
to time with many applied educational 
problems, but we do so with an orienta- 
tion that is primarily scientific and ex- 
perimental. We are attempting to dis- 
cover the nature of human learning not 
by paring away the trappings of be- 
havior until the “essence” of the learning 
process is revealed, but by studying 
meaningful learning in terms of the 


events of behavior organization that de- 
termine its course and rate. 

Factors of human design long have 
been ignored in experimental learning 
psychology. It has been believed that 
learning could be studied as a general 
process—that its manifestations in rats 
and monkeys could be applied directly 
to human problems. We take issue with 
this point of view, believing instead that 
the behavioral design of the learner, 
which develops to a significant extent in- 
dependently of specific learning change, 
determines what he can learn, at what 
rate, and under what conditions. Learn- 
ing is not just a function of extrinsic 
stimuli and reinforcements in certain 
temporal relationships as implied by 
generally accepted theoretical models, 
but also a function of. the intrinsic 
stimulus-response organization of the 
behaving individual. We propose to 
base our study of learning on an analysis 
of the sensory-feedback organization of 
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behavior in relation to both intrinsic 
and extrinsic variables. This we describe 
as a cybernetic approach, utilizing a 
term that implies self-regulation of ac- 
tivity. 

Concepts of the behaving individual 
as a feedback-control system have de- 
veloped since the years of World War 
II, when it was realized that a human 
operator guiding the actions of a ma- 
chine according to perceptual-feedback 
information is analogous to a mechani- 
cal self-governing system or servomech- 
anism. One important difference be- 
tween the human feedback-control or 
cybernetic system and the servomecha- 
nism is that the former can learn; the 
human individual can improve his con- 
trol or change the nature of that control 
by learning. It appears to us, then, that 
a valid description of learning change 
must encompass this feature of control. 
Learning is more than the forming of 
new associations between stimuli and 
responses and the strengthening of exist- 
ing associations, It is a process of re- 
organization of sensory-feedback 
terning which 
of control oy. 
relation to the 
environment, 


pat- 
shifts the learner’s level 
er his own behavior in 
objects and events of the 


Human design changes as the indi- 
vidual develops from infancy through 
childhood and adolescence to maturity 
and then old age, so that our understand- 
ing of behavior patterning and learnin 
potential is incomplete without reference 
to the developmental context. 
quently, our analyses and 
tions either explicitly or im 
knowledge the importance 
velopmental variable. 


Human design has changed as well in 
ie evolutionary development of the hu- 


Conse- 
interpreta- 
plicitly ac. 
of the de. 


th 


man race, and we believe that important 
insights about the nature of behavior 
organization in contemporary man can 
be gained by investigating man’s evolv- 
ing abilities and learned skills in history 
and prehistory. We shall attempt, in the 
first part of the book, to understand 
man’s psychological nature in other ages 
and other cultures by studying his tools, 
instruments, and utensils; his markings, 
drawings, and writings; the design of 
his buildings, villages, and cities. These 
artifacts not only reveal much about 
patterns of behavior and patterns of 
living, but they also reveal much about 
what man learned by showing how he 
learned—that is, by revealing the design 
of his significant learning situations, Hu- 
man skills and knowledge are as much 
a function of the specialized tools, in- 
struments, and symbol systems of the 


culture as they are of the beh 


aving 
system. 


In our age as in other ages, human 
learning is understood best with refer- 
ence to the meaningful situations in 
which it occurs, especially in schools, 
training classes, and rehabilitation cen- 
ters for people of all ages. In order to 
explore the reciprocal relationships be- 
tween the learner and the educational 
context, we shall devote the central 
section of the book to an analysis of cur- 
rent educational techniques and devices. 

The last part of the book will deal 
primarily with our efforts to define a 
new experimental approach to the study 
of learning in man—a systematic en- 
deavor that goes beyond the specific 
problems of learning to a consideration 
of the general determinants of behavior 
organization. Our sensory-feedback 
methods of analysis investigate the in- 
trinsic stimulus-response relationships of 
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patterned behavior and attempt to define 
their role in determining the course, 
rate, and level of learning. Studies of the 
phenomena of space-displaced and de- 
layed sensory feedback contribute ma- 
terially to our understanding of the 
feedback control of basic educational 
skills and disclose how learning is re- 
lated to the pattern of control. 


TECHNOLOGICAL EXPLOSION 
IN EDUCATION 


Throughout the history of education, 
many tools have been developed to help 
the teacher in his task. Foremost among 
these are the instruments by means of 
which verbal knowledge has been com- 
municated and stored—stylus, pen and 
pencil, parchment scroll, and printed 
book. In contrast to these generally use- 
ful instruments, the tools for skill train- 
ing usually are specific to the skill. The 
novice learns to plow by using a plow 
and learns to shoot by being trained 
with a gun. Yet, whether it is a matter of 
teaching general knowledge or of train- 
ing skills, the teacher always has de- 
pended on the tools of his trade. 

In recent years, educational methods 
and instrumentation have been changing 
at a pace commensurate with the rapid 
technological advances in other phases 
of our society. Each month brings its 
new ideas and new devices—automated 
teaching machines, television teaching 
from airplanes, audiovisumatic systems, 
computers adapted to self-instruction, 
telemation, and so on. This onslaught of 
technology in the classroom has been 
Sreeted with varying degrees of enthu- 
Siasm. Some think that the new tech- 
niques and devices enhance the educa- 
tional process and others fear that they 


pervert it. Although we shall make some 
evaluative judgments of these various 
techniques and devices throughout the 
book, such an evaluation is subordinate 
to our main interest in the relation of 
educational design to the organization 
of human learning. 

Inasmuch as studies of teaching tech- 
niques and devices contribute to our 
scientific understanding of human learn- 
ing, we look on the teaching machines, 
skill trainers, and other educational in- 
novations as research tools which hold 
the promise of an exciting new era of 
learning research. In this section, we 
shall illustrate some of the types of 
instrumentation that have been adapted 
to educational purposes during the last 
few years, emphasizing particularly how 
the devices and procedures can be used 
for basic research. 


Television Recording 

Television’s specialized usefulness in 
education is due very largely to the 
television tape recorder, as shown in 
Figure 1.1. As the combined photo- 
graphs show, a video-tape recorder can 
be used to record a televised lecture or 
series of lessons and demonstrations on 
tape which can be played back to dif- 
ferent classrooms throughout a state or 
region. It can be broadcast over a 
licensed video channel or distributed by 
means of a recording truck to closed- 
circuit systems within particular schools 
or districts. Video recording can be 
adapted to many special teaching tech- 
niques heretofore impossible. For ex- 
ample, the performance of a specialized 
skill, such as a dance sequence or a 
pilot’s activity in landing an aircraft, 
can be televised, recorded, and then 
played back to the dancer or pilot so 


Figure 1.1. The Ampex Videota 
inch magnetic tape recorder makes 
instructional procedures and subject 


that the exact pattern of behavior can be 
analyzed and evaluated. 

The television tape recorder has addi- 
tional significance as a new type of 
laboratory instrument for learning re- 
search. When it is properly arranged to 
control the time between visual record- 
ing and playback of performance, it can 
be used to vary the time relations be- 
tween performance of a motion and the 
visual feedback that a person receives 
of that motion. Investigations of delayed 
visual feedback carried out in 


this way 
will be described later, 


along with 
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pe Recorder used as a teaching tool. The two- 


possible a permanent audiovisual record of 
matter, 
or groups at any desired time. (Courtesy of 


which can be presented to individuals 
WHA-TV, University of Wisconsin.) 


studies of displaced visual feedback. 
Such sensory-feedback analyses of be- 
havior have direct implications for our 


understanding of the determinants of 
learning. 


Computer Programing 

Other machines which can be used to 
collect, store, and program information 
for teaching purposes are computers, 
such as the one shown in the computer 
teaching-machine facility in Figure 1.2. 
There is much current interest in adapt- 
ing computer systems to the special pur- 
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poses of educational research as well as 
to teaching. The objective of some of 
this research is to investigate the pro- 
graming of material, or the arrangement 
of subject matter and questions for effi- 
cient instruction. The varying concepts 
of programing that have been proposed 
constitute one of the most controversial 
areas in educational theory. 

A further use of computer systems in 
behavior research is in analyzing the 
feedback control of many kinds of be- 
havior and physiological activity. A 
computer system is tied directly into the 
feedback-control loop of a behaving in- 
dividual in order to measure the effects 
of varying or distorting different proper- 
ties of the feedback. Such techniques 
show considerable promise for the ex- 
perimental analysis of behavior organi- 
zation and learning. 


A computer system u 


Figure 1.2. 
gram 


and questions. The student indi 


or on a special electronic teac 


Skill Training 

Many complex trainers have been de- 
veloped for training operators in the 
specialized skills required in modern 
military and industrial installations. The 
photographs in Figure 1.3 show a sys- 
tem that can be used to train air-traffic 
controllers for large airports. Figure 
1.3a shows a radarscope on which ap- 
pear simulated targets very much like 
those seen by a controller in an air- 
traffic control center. Figure 1.36 pic- 
tures the numerous operators behind the 
scenes whose task is to generate the 
radar targets seen on the scope and to 
control their speed, direction, and aspect 
of movement. This elaborate instru- 
mental system can be used for research 
as well as for training purposes. 

Designing trainers and programing 


sed as a teaching machine research facility. 
ent either visual or auditory materi 

The desk-type computer can prog! and pres , tory er al 

cates his answers either on the electric typewriter 


hing control device. 
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Figure 1.3. 


An air-traffic contro] simulation trainer and research facility. a. 


Radar target display simulating aircraft targets as they might appear in the air- 
traffic control center of a large urban or military airport. b. Operators generating 
and controlling the simulated targets seen in a. Up to thirty target courses can be 
generated simultaneously by this system. (Courtesy of Dr. Paul M. Fitts.) 


tasks and lessons for instrumental sys- 
tems represent major research problems 
in both engineering and psychology. Al- 
though some psychological studies along 
these lines were done as early as the 
1920s, there were no major systematic 
analyses of trainer devices until World 
War II. The ideas developed during the 
war years about trainers and program- 
ing of training material laid the founda- 
tion for the present human factors 
approach to understanding learning and 
teaching instrumentation in general. 


Self-instruction in the Classroom 
The teaching devices known specifi- 
cally as teaching machines originated 
more than thirty-five years ago but only 
recently have aroused widespread inter- 
est leading to their use in the classroom. 


Figure 1.4 shows students working with 
one of the commercially developed ma- 
chines. Instructional material and ques- 
tions are presented, and the student is 
required to write an answer in the space 
provided. After he writes an answer, he 
pushes the mimeographed sheet up to 
bring the correct answer to the question 
into view. 


Figure 1.4. Self-instruction devices in use 
in a classroom. This teaching machine is 
designed to present instructional material and 
questions mimeographed on standard-size pa- 
per. The student answers each question by 
writing in the answer slot and then advances 
the paper to bring the correct answer and the 
next unit of material into view. Thus he has 
immediate knowledge of the correctness or in- 
correctness of his answers. (Courtesy of 
Teaching Machines, Inc.) 


Marked differences of opinion exist 
among teaching machine proponents 
relative to the design of the machines, 
the type of programing used, and as to 
whether programed instruction can be 
relied on to teach entire courses effec- 
tively. One of our objectives is to inquire 
into some of these questions about self- 
instruction. This inquiry leads us into 
the general problem of the organization 
of specialized knowledge—the relation 
of verbal and nonverbal symbolism, the 
many dimensions of meaning, and the 
relative specificity and generality of dif- 
ferent kinds of learned reactions. 


SIGNIFICANT FEATURES 
OF THE EDUCATIONAL PROCESS 


In their function as tools for teaching, 
the devices that we have just discussed 
are a far cry from the pencil, slate, and 
McGuffey reader of the little red school- 
house, yet the complex new instruments 
have this in common with the simpler 
ones of the past—they promote the 
learning of symbolic knowledge and 
educational skills. There are certain 
salient features of the teaching-learning 
process that are found in all educational 
contexts but which are specialized in 
particular situations by the instruments, 
devices, and techniques being used. 


Communication 


One feature common to all of human 
education is the communicative inter- 
change between teachers and learners, 
Whereas the most primitive men relied 
almost entirely on face-to-face communi- 
cation to transmit knowledge and skills 
from one generation to the next, the 
pattern has shifted gradually to greater 
and greater dependence on remote com- 


munication techniques. The first. men 
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who drew pictures in caves or marked 
their tools with symbolic patterns started 
the trend toward the use of stored infor- 
mation to structure human learning. 

The normal communicative _ inter- 
change between the teacher and the 
taught always has been an audiovisual 
process, and it always has involved both 
verbal and nonverbal elements. Although 
the term audiovisual may suggest mod- 
ern technology, the audiovisual, yerbal- 
nonverbal communicative process is as 
old as man himself and has helped to 
mold him in his present form. Thus the 
significance of modern audiovisual tech- 
niques must be assessed in this larger 
behavioral context. 

Many psychologists and educators 
tend to regard the audiovisual tech- 
niques as “aids” to education, rather than 
as an integral part of the learning 
process. Our own belief that human 
learning is understood best relative to 
man’s own operational adaptations in 
society convinces us that the problems of 
audiovisual communication are basic to 
learning science and cannot be dismissed 
as of secondary importance. Studies of 
rats or pigeons in a feeding box tell us 
little or nothing about how the human 
student integrates visual and auditory 
information, communicated by both 
verbal and nonverbal symbolism, to 
build up his general understanding of 
the world and human affairs. Learning 
studies restricted to discrete stimulus- 
response pairs give us no pointers on 


how to illustrate a textbook most effec- 


tively or how to integrate lectures, dis- 
cussions, and illustrative materials to 
promote the most efficient learning. De- 
scriptions of learning in animals, of 
necessity, include no account of the role 
of symbolic communication in determin- 
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ing the rate of learning and the nature 
of what is learned, but this deficiency in 
animal behavior should not blind us to 
the significance of symbolism in human 
learning. 


Control 


The specialized devices and _tech- 
niques used in teaching and training not 
only extend and enrich the sensory and 
symbolic aspects of the learning environ- 
ment but also enhance the student’s 
control over his own responses in rela- 
tion to the environment. The human 
individual exercises varying levels of 
feedback control which develop progres- 
sively through his educational lifetime. 
The simplest form is direct, unaided 
control. A more complex process. in- 
strumental control, involves the use of 
tools or instruments to effect environ- 
mental change. The patterns of verbal 
and nonverbal symbolism are used to 
develop symbolic control, which deals 
originally with concrete events and con- 
cepts but in time encompasses abstract 
Concepts and relationships as well. At 
this level, the individual develops ab- 
Stract control—that is, he learns to con- 
trol complex physical and social inter- 
relationships that have no concrete 
Teality except in some symbolic repre- 
Sentation. 

Human education is concerned almost 
entirely with the development of instru- 
mental and symbolic control—both con- 
Crete and abstract. Thus it is almost 
Completely dependent on tools and in- 
Struments on the one hand and devices 
'o transmit symbols on the other. The 
8rowth of science and technology in our 
Modern era constitutes greatly enhanced 

uman control over the environment. In 
®rder to teach the new skills and knowl- 


edge, we have many specialized instru- 
mental and symbolic techniques to enable 
students to keep abreast of advancing 
human abilities. 

The element of control has been 
recognized explicitly in educational de- 
sign only in recent years with the 
development of self-instructional train- 
ing devices, teaching machines, and 
teaching programs. The principal value 
of self-instruction to the student is that 
it puts him in more complete control of 
the learning situation than is possible 
with standard group teaching proce- 
dures. His responses provide immediate 
feedback information about their cor- 
rectness or effectiveness so that neces- 
sary changes and corrections can be 


made. 


Meaning 

A self-evident feature of the educa- 
tional process is that it deals with 
meaningful behavior; educational skills 
and symbolic knowledge are transmitted 
from generation to generation because 
they have some adaptive meaning in 
human life. This is not necessarily true 
of the learning that goes on in psycho- 
logical laboratories, where human sub- 
jects often learn responses quite unre- 
lated to adaptive behavior. From such 
experiments we are supposed to derive 
some understanding of human learning, 
even though the learned responses have 
no meaning to the subject beyond the 
restricted conditions of the experiment, 
are never confirmed in another setting, 
and provide him no control over human 
or physical events outside the laboratory. 

In contrast to this approach to learn- 
ing psychology, the central problem of 
educational psychology is to understand 
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the nature and conditions of meaningful 
learning—that is, the acquisition of sys- 
tematized patterns of knowledge or skill 
which can be used in diverse adaptive 
situations. The meaning of a response 
for the individual depends on the specific 
situations in which it is used. Thus we 
try to broaden the meaning of educa- 
tional skills by varying the contexts in 
which they are taught and practiced. In 
other psychological terms, this means 
that we try to assure the generality of 
learning by setting up conditions favor- 
able to transfer. In still other terms, this 
is a matter of extending feedback control 
of behavior from specific sensorimotor 
patterns to many related but different 
patterns. 

It should be recognized that some 
teaching techniques and devices impose 
arbitrary restrictions on the learning 
context and thus teach more specific 
meanings than may be desirable. Self- 
instructional programs in particular may 
have limited generality. However, when 
the knowledge or skill to be taught is by 
nature very specific, as a particular 
machine skill, then it is taught best by 
standardized procedures, Teaching and 
training needs vary widely and require 
different types of learning situations that 


cannot be specified by research on non- 
meaningful learning. 


Motivation 


It has become almost axiomatic in 
psychology to say that behavior is moti- 
vated, in the sense that the energizing 
of activity is described as a motivatin 
process. Most psychologists also hold the 
position that learning results from moti- 


vation in a more specific sense, that is, 


that a drive state must be reduced or a 


motive satisfied by reinforcement in 
order for learning to occur. This specific 
position still is a controversial one in 
psychology and its resolution is of ut- 
most significance to the educator, whose 
efforts in assembling the personnel and 
materials for teaching would be wasted 
on students who were not motivated to 
perform and to learn. Fortunately for 
our educational system, it is a rare 
individual who is completely indifferent 
to the learning situation. Most students 
do, in fact, learn, but their sources of 
motivation or energization are subject 
to more than one interpretation. 

The most prevalent psychological in- 
terpretation is that motivation is derived 
from basic physiological drives which 
activate the individual to seek goal ob- 
jects or situations and to avoid punish- 
ments. The Freudian variation of this 
theme makes the sex drive primary but 
is similar in attributing the energizing 
force in behavior to conditions extrinsic 
to the behavior patterns themselves. To 
explain the fact that most behavior 
seems to bear little relation to physio- 
logical needs, psychological theory has 
postulated derived or secondary drives, 
learned motives, generalization of 
learned motives, and so on. It is as- 
sumed that classroom learning is moti- 
vated almost entirely by secondary or 
derived drives. Further, reinforcement 
learning theory postulates that all learn- 
ing is dependent on specific reinforce- 
ments. The reinforcements in classroom 
learning may be obscure, but if the 
learning theorist fails to identify any 
elements that appear to be positive re- 
wards, he always can fall back on the 
concept of negative reinforcement or 
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punishment. In fact, at least one learning 
theorist has condemned traditional class- 
room methods for relying almost ex- 
clusively on negative reinforcements 
(Skinner, 1954). 

It appears significant to us that re- 
inforcement theories of learning have 
been derived for the most part from 
research on animals. It is true that if an 
experimenter is to get the cooperation 
of an animal in a learning experiment, 
he must arrange the situation so that the 
animal at least does something—prefer- 
ably the thing that is expected. The most 
reliable way to get the animal moving 
in the right direction—either literally or 
figuratively—is to make sure that it is 
motivated and then provided with a re- 
ward when it makes the response that 
the experimenter is waiting for. The 
cooperation of human subjects is se- 
cured much more directly, simply by 
telling them what to do. In the earliest 
psychological experiments on human 
learning and memory, no one worried 
about identifying either the drive or the 
reinforcers. These factors invaded learn- 
ing theory when the animals entered the 
laboratory and very nearly swept the 
field. Reinforcement has been put for- 
ward as a theoretical necessity in the 
learning process although it may be just 
a practical necessity in learning re- 
search. 

It appears to us that motivation, like 
other aspects of behavior, has become 
highly specialized during the course of 

uman evolution and has_ significant 
Components quite unrelated to physio- 
logical drives or tissue needs. The most 
Significant patterns of human behavior 
involve the use of tools and machines 
to control the environment and the use 


of symbolic and communicative re- 
sponses which grew out of the tool-using 
function. We believe that human manip- 
ulative and communicative skills are in 
themselves a potent source of motiva- 
tion; that is, these typically human 
activities are energized intrinsically 
rather than extrinsically by some learned 
association with a physiological need. 
In human education, the student’s moti- 
vation to perform cannot be divorced 
from the books, the tools, the work 
situations, and the audiovisual patterns 
of the classroom. The primary problem 
of educational motivation is to design 
the perceptual, instrumental, and sym- 
bolic features of the learning environ- 
ment so that the learner can increase 
his control over patterns of response that 
have adaptive utility in society. 


Evolution 
of Human Learning 


The comparative study of learning in 
subhuman animals contributes to our 
understanding of human learning inso- 
far as the progressive changes in phy- 
logeny provide insights into how human 
patterns have developed. However, this 
type of analysis is hampered by the 
great gap that exists between the learn- 
ing abilities of animals and man. The 
instrumental and symbolic skills that 
define human learning are found in man 
alone, with no more than a hint of their 
origins in the behavior of subhuman 
primates. The only way to bridge this 
gap in comparative learning science is 
to attempt to analyze the development 
of human patterns of behavior and 
learning in prehistoric and ancient man. 
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has involved 
changes in behavior as well as changes 
in body form, but the psychological 


changes are due to more than genetic 


Human _ evolution 


modifications. Since early man became a 
tool user and a symbol user, he has 
developed a society and a technology 
that are cumulative in their impact on 
succeeding generations. Thus the be- 
havior of man has been modified pro- 
gressively by social as well as by genetic 
factors—a process we refer to as bio- 
social evolution. All human activities, 
including those involved jn learning, 
have become specialized through these 
evolutionary changes. The most signifi- 
cant factors in this specialization of 
behavior are the use and design of tools, 
and the use of meaningful symbolism. 
The use of tools, machines, symbol 
systems, and organized institutions by 
human social groups has built certain 
features of design into the educational 
process so that human learning in any 
culture reflects the evolutionary level of 
that culture. All of the significant fea- 
tures of human education that we have 
described here—communication, 


con- 
trol, meaning, 


and motivation—are 
structured by technological and sym- 
bolic design and change progressively 
as these design features change in the 
biosocial evolutionary process. The way 
man’s tools are constructed, the way his 
symbols are formed, the way his lan- 
Buages are organized, and the way his 
society integrates its institutions for 
learning—all of these features of the 
human social order define the educa- 
tional context and thus leave their mark 


on the developing human design of the 
individual learner. 


Let us consider again the communica- 
tive aspects of education. The patterns 
of communication used to transmit edu- 
cational skills and knowledge are a 
direct function of the instruments, tech- 
niques, and symbol systems that are 
used for communicative purposes. Man 
has progressed from cave drawings and 
smoke signals to the age of computers 
not by any supernatural enhancement 
of his abilities but by the hard labor of 
performing, revising, redesigning, and 
adding to his educational and commu- 
nicative skills. Where once he pegged 
clay tablets for hours to record a simple 
transaction or spent years learning how 
to make artistic hieroglyphics, the in- 
dividual today can manipulate millions 
of items of information within a few 
minutes time. 

Consider a second feature, that of be- 
havioral control. The level of feedback 
control that can be achieved by a learner 
depends on the tools, instruments, ma- 
chines, and symbolic representations 
that he uses to extend and transform his 
direct, unaided behavioral abilities in 
space and in time. It is unnecessary to 
point out that man’s control of the 
environment depends on his level of 
science and technology, but it should be 
stated explicitly that the design of knowl- 
edge and technology defines how an 
individual enhances his control through 
learning. To learn how to use electronics 
or higher mathematics to control people 
and events requires complex integra- 
tions of response that never occurred in 
ancient man. 

The meaning of learned behavior is 


also directly dependent on the design of 


the educational and cultural 


context. 
The 


influence of cultural and _ social 
meanings on the learning patterns of 
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individuals sometimes is strikingly re- 
vealed when different cultural patterns 
clash. Individuals who reach adulthood 
in one culture may never gain control 
over the meaningful response patterns of 
another culture. It has been related that 
an early European sea captain who 
sought to entertain a group of Polyne- 
sians with his violin found that his skill 
was greatly admired—that is, his digital 
skill (Greenway, 1964). But the natives 
regretted that such dreadful noises ac- 
companied a demonstration that was 
meaningful to them only as a display of 
manual dexterity. Their culture had not 
developed the instruments or the musical 
symbolism that would have enabled 
them to understand the music. 

Finally, patterns of human motivation 
evolve and alter with changes in the 
instrumental-symbolic context of educa- 
tion. People are motivated to learn those 
patterns of behavior that fit their culture 
or their social group. Individual goals 
and aspirations are defined by the pat- 
terns of work, recreation, religion, 
family living, artistic and cultural pur- 
Suits of their society; these patterns in 
turn are defined by symbolic, techno- 
logical, and institutional design. The 
educational system that is out of step 
with general social progress may be try- 
ing to teach knowledge and skills that 
are losing their meaning and thus are 
not highly motivating to the learner. 

An analysis of the evolutionary con- 
text of human learning does not auto- 
Matically solve the problems related to 
the design of teaching methods and 
machines. However, it does provide a 

ase from which to launch our analysis 
of the human factors involved in learn- 
ing and education. A study of human 
istory shows that patterns of communi- 


cation and learning are cumulative as 
well as being subject to continual evolu- 
tionary change. The learning that goes 
on in a modern classroom is defined in 
part by the modern devices used; but it 
is also structured by patterns of verbal 
and nonverbal communication, by the 
social structure of a class, by the design 
of symbol systems, and by the instru- 
ments used to record and transmit sym- 
bolic knowledge—all of which trace 
their origins to the dawn of history and 
beyond. An evolutionary analysis of 
educational design tells us more about 
the nature of human learning than a 
learning theory derived from animal 
research. 


SECTORS OF LEARNING SCIENCE 


Our aim in writing this book is not so 
much to spell out a theory of the learn- 
ing process as it is to define a science 
of learning, in particular a science of hu- 
man learning. In doing this we make no 
real distinction between a basic science 
and an applied science of learning, for 
we believe that such a division is arbi- 
trary and serves no useful purpose. The 
unhappy fact is that theories of learning 
developed and tested in psychological 
research laboratories have had but lim- 
ited applicability to the practical prob- 
lems of learning encountered in human 
education and training. Our belief is 
that research carried out on meaningful 
learning in its human educational con- 
text is basic and is necessary if we are to 
develop valid learning theory. 


The Psychology of Learning 

In Chapter 2, we shall survey the 
conventional approaches to learning re- 
search that have been developed in lab- 
oratory psychology and the theories that 
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have grown out of the research. Orig- 
inally, this laboratory science of learn- 
ing had little direct contact with the 
problems of educational design, but re- 
cent interest in trainers and teaching 
machines has stimulated the learning 
theorist to apply concepts and general- 
izations formulated in the laboratory 
to the practical problems and needs of 
the classroom. For the most part, this 
effort has not met with notable success. 
Standard theories of learning based on 
such concepts as association, condition- 
ing, and reinforcement are alike in sev- 
eral respects that limit their relevancy 
to educational design, 

In the first place, learning psychology 
has tried to deal with the phenomena of 
learning in the simplest possible terms 
—in terms of units categorized as stim- 
uli, responses, and reinforcements. These 
units then are manipulated in experi- 
mental designs, juggled statistically, and 
assumed to be the proper events for 
learning research at all levels, Although 
this type of analysis may seem useful in 
the psychological laboratory where the 
significant variables can be restricted 
arbitrarily and controlled with some de- 
gree of success, it is almost meaningless 
when applied to the normal adaptive 
behavior involved in human education. 

In the second place, standard learning 
theory describes learning in terms of 
patterns of response units which are 
chained together in time by the effects of 
temporal contiguity or specific rein- 
forcements. Little or no attention 
given to the 
havior. In o 


is 
spatial organization of be. 
or. in our opinion, the Spatial pat- 
terning is of primary importance, for 
in all significant perceptual-motor skills, 
the pattern of motion conforms to and 
1s controlled by Spatial patterns of the 


stimulus environment. For example, a 
child learns to read and write by con- 
forming with his motion systems to the 
spatial patterns of letters and words. 
The temporal organization of behavior 
is derived from the primary spatial pat- 
terning and its regulatory mechanisms. 
We shall have more to say about these 
ideas later. 

In the third place, prevailing learning 
theory implies that all kinds of learned 
changes in behavior, both in animals 
and in man, are essentially equivalent. 
The great effort of learning research has 
been to isolate the “learning process” in 
its stark biological simplicity. The prac- 
tical problems of teaching and education 
then must be reduced to the prescribed 
formula, whether it was derived from 
tats, cats, or pigeons. In our view, this 
approach to learning science is both 
inadequate and invalid. The problems 
and challenges of education arise from 
the fact that human individuals are able 
to perform educationally significant 
skills and to acquire almost unlimited 
symbolic knowledge. To explain these 
human patterns of behavior in terms of 
an animal’s reactions in a feeding box 


is to miss the entire significance of hu- 
man evolution. 


Educational Research 


A sector of learning science directly 
concerned with human problems is the 
area of educational research, much of it 
devoted to evaluations of specific class- 
room techniques, especially educational 
technology. For several decades the 
main focus of educational research was 
on the audiovisual communicative tech- 
niques—AV education, Chapters 5 and 
6 will be devoted to a survey of this 
area, with the emphasis on an evaluation 
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of television teaching. In order to set 
the stage for our discussion of these 
modern classroom methods, we shall use 
Chapters 3 and 4 to trace the evolution 
of nonverbal and verbal communication 
as used in the educational process. Con- 
temporary audiovisual techniques serve 
the same function in education as the 
nonverbal and verbal communicative 
skills and devices of earlier man. 

During the past decade, a great 
amount of research activity has cen- 
tered on the use of automated teaching 
machines and self-instructional teaching 
programs in the classroom. This is the 
one major educational development that 
has been championed by learning the- 
orists as a direct contribution of “basic” 
psychological research to education. 
However, the main ideas behind teach- 
ing machines were developed first by 
an educational psychologist and then 
were elaborated by psychologists en- 
gaged in training research during and 
after World War II. For that reason we 
shall introduce our discussion of teach- 
ing machines and programed learning 
in Chapters 10, 11, and 12 with an ac- 
count of training psychology in Chap- 
ters 7, 8, and 9. 


Training Research 

In our opinion, the most significant 
research contributions of learning sci- 
ence have grown out of the training 
psychology of World War II and its 
lineal descendant, human engineering. 
The human engineering approach to 
training problems explicitly recognized 
—almost for the first time—the impor- 
tance of human design factors in defin- 
ing the course of learning. As a scien- 
tific discipline, human engineering goes 
beyond specific learning or training 


problems to deal with more general 
aspects of behavior organization in ma- 
chine operations. It is concerned with 
how the human individual organizes 
his control movements in relation to the 
perceptual information provided him. 

In the human engineering context, the 
study of learning assumes a subordinate 
role, for the primary features of human 
design that define the patterning of 
perceptual-motor behavior are inde- 
pendent of learning. These primary 
characteristics of human motion systems 
in relation to the design of the opera- 
tional situation determine how efficiently 
an individual can perform and to what 
level he can improve his performance 
by practice and training. Thus the train- 
ing psychology of the war years and 
after focused attention on the intrinsic 
determinants of learning in contrast to 
extrinsic determinants such as temporal 
contiguity and specific reinforcements 
that continued to hold the attention of 
academic learning psychologists. 

The human factors approach to learn- 
ing science is as applicable to problems 
of general educational design as it is to 
human engineering or training design, 
for it deals with the factors determining 
human behavior organization in per- 
formance and meaningful learning. In 
applying this point of view to education, 
we view both the individual and the 
educational pattern as changing adaptive 
systems. As the tools and systems of 
education have become more complex 
and refined, the instrumentation of the 
educational process has come to present 
the same kind of problems that are met 
in designing machines for human work. 
Not only must the machine be planned 
for optimal human use, but its design 
must be conceived in terms of the spe- 
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cialized operations to be instrumented 
and the specific functions to be served. 
The most significant feature of the 
human factors approach to educational 
design is the effort to deal with meaning- 
ful learning in terms of the organiza- 
tional features characteristic of human 
behavior. Our human factors analysis of 
learning proceeds from this basic postu- 
late: The primary factors governing 
meaningful learning—and thus the ef- 
ficiency of our educational system—are 
defined by the intrinsic regulatory mech- 
anisms of patterned human behavior. 
That is, the features of the human sys- 
tem that determine how an individual 
responds to his perceptual (and thus his 
social and symbolic) environment also 
define what he can learn, his learn- 
ing efficiency, and the meaning of his 
learned responses. We look for the most 
critical determinants of meaningful 
learning within the human response 
mechanisms themselves and not in some 
chance contiguity of external stimuli or 


the presence or absence of some ex- 
trinsic reward. 


Feedback Research 


Experience in systems analysis and 
study of behavior factors in machine 
design have taught that questions about 
human_ behavior organization can be 
approached on different levels—for ex- 
ample, at the level of a general theoreti- 
cal understanding of how a response 
system is organized, or at the level of 
understanding the behavioral properties 
of specific instrumental situations. In 
this book as in our own research, we 
deal with the problems of human learn- 
ing and educational design at both of 
these levels. After chapters dealing with 
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the design and research evaluation of 
audiovisual systems, training techniques, 
teaching machines and programs, and 
textbooks, we shall turn to a description 
of our research analyses of behavior 
patterns and their feedback control. 

In order to establish a theoretical 
foundation for studying problems of 
human learning, we have turned our at- 
tention to the spatial organization of be- 
havior. One of our principal experi- 
mental methods of studying spatial or- 
ganization is an extension of a classical 
psychological technique—that of invert- 
ing and otherwise displacing vision. 
Since Stratton’s (1896, 1897, 1899) 
original studies, this type of experiment 
usually has been carried out by having 
subjects wear experimental spectacles or 
other optical devices. We have relied 
more extensively on the use of closed- 
circuit television systems to displace the 
visual field of performance and_ to 
measure the effects on performance and 
learning (Smith and Smith, 1962). 

Figure 1.5 indicates how closed-circuit 
television can be used experimentally to 
displace the visual feedback of per- 
formance. The subject is required to 
write or to perform other tasks while 
viewing his movements in a television 
monitor. Direct vision of his hand is 
prevented by a screen, but he can see a 
televised image of his own performance 
transmitted to the monitor by means of 
a closed-circuit camera system. By con- 
trolling the position of the camera and 
its lenses and by electronic control, we 
can invert, reverse, or otherwise displace 
the televised visual feedback that he re- 
ceives of his own behavior. 

Television methodology also can be 
used to study the fundamental time rela- 


——<— .- 
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Hons between motions and their govern- 
ing stimuli. As shown in Figure 1.6, 
these time relationships can be varied 
by introducing a video-tape recorder 
into the closed circuit between the cam- 
£ra and the monitor. Now the televised 
Image of performance is recorded on 
the magnetic tape and stored for a con- 
rolled interval of time before being 
Played back to the subject’s monitor as 
2 delayed — yisual-feedback pattern. 
Studies of feedback delay indicate that 
®ven minor variations in the time inter- 
val between movements and their feed- 
ack stimuli disrupt the organization of 
.© going motion pattern and jeopard- 


eae learning process (K. U. Smith, 


Figure 1.5. Using closed-circuit television 
to invert the visual feedback of performance. 


Figure 1.6. Using video-tape recorders in a 
closed-circuit television system to delay the 
visual feedback of manual performance. The 
televised image of the subject's movements is 
recorded on magnetic tape and played back to 
his monitor after a specified delay interval. 
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As mentioned earlier, a closed-loop 
computer system also can be used to 
analyze the feedback control of speech, 
handwriting, drawing, and other per- 
ceptual-motor skills. Figure 1.7 illus- 
trates the appearance of a laboratory 
designed around a computer for many 
kinds of studies of human performance 
and learning. The general purpose com- 
puter can be programed to delay, dis- 
place, or distort either visual or audi- 
tory feedback signals in many ways. 
In studies of handwriting, the subject 
writes on the electronic writing board 
shown on the small desk. Electronic 


Figure 1.7. 
is used to delay, distort, or othe 


A feedback anal: 


recorders transduce the handwriting pat- 
tern into two electrical signals repre- 
senting the horizontal and vertical com- 
ponents of the movements. These signals 
are conyerted to digital form and fed 
into the computer, which then is used 
to delay or distort them in various ways. 
The two signals then are reconverted to 
visual form and displayed on a type of 
oscilloscope that holds an image for a 
period of time. If a delay has been in- 
troduced, the subject sees the image of 
his writing only after that delay interval. 
A spatial displacement results in a dis- 
placed feedback image. For example, a 


ysis laboratory designed around a computer, which 
twise vary different properties of sensory feedback. 


Summary 


normal a written by the subject might 
appear inverted or flattened out. The 
purpose of such an experimental system 
is to study the time and space factors in 
the stimulus-response process itself and 
to see how variations in these intrinsic 
relationships affect the course of learn- 
ing. 

After describing our basic research 
and outlining the theoretical concepts 
which have grown out of it, in Chapters 
14 and 15, we shall go on to transfer 
of training in Chapter 16 and cognitive 
behavior in Chapter 17. In both cases, 
we shall apply feedback concepts to an 
analysis of these special areas of learn- 
ing science. In Chapter 18 we shall de- 
scribe some of the high points of de- 
velopmental psychology, showing how 
human behavior organization changes 
progressively during the educational 
period of life because of maturation as 
well as learning. Learning science is 
not complete without an understanding 
of the maturation-learning interaction, 
for one of the primary problems of edu- 
cational design is to adjust the tech- 
niques and instrumentation of teaching 
and training to the level of the develop- 


ment of the learner. 


SUMMARY 
1. This book examines the _phe- 
nomena of human learning as they are 


determined by human design and the de- 
sign of the learning situation, especially 
the techniques and instruments of edu- 
cation. 

2. The individual, looked on as a 
feedback-control system, is seen to im- 
prove his control of behavior in rela- 
tion to the environment by learning. 
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3. Recently developed devices being 
used for educational purposes include 
video-tape recorders for storing televised 
teaching for later presentation, com- 
puters for programing the materials for 
self-instruction, complicated simulation 
trainers for specialized machine skills, 
and many types of teaching machines 
for both classroom and individual use. 
All of these devices are important re- 
search tools for learning science as well 
as being educational instruments. 

4, An important feature of human 
education is that it involves communi- 
cation both auditory and visual, and 
nonverbal and verbal. Audiovisual and 
other communicative techniques in the 
classroom are an integral part of the 
educational process. 

5. The techniques of human educa- 
tion are useful insofar as they extend 
the learner’s control of his behavior and 
the environment. Because educational 
learning is concerned almost entirely 
with instrumental and symbolic be- 
havior, it is dependent on tools and de- 
vices which mediate instrumental and 
symbolic control. 

6. Educational learning is meaning- 
ful learning. We broaden meanings and 
enhance the learner’s general knowledge 
by varying the learning context. Specific 
skills can be taught by more restrictive 
procedures and devices. 

7. The conventional interpretation of 
human motivation is that it is derived 
from physiological drives extrinsic to 
the behavior mechanisms themselves. 
Presented here is an alternative view 
that human manipulative and communi- 
cative skills are energized intrinsically 
and thus can be learned without recourse 
to external rewards or reinforcements. 
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8. In the course of human evolution, 
cumulative patterns of instrumental, 
symbolic, communicative, and educa- 
tional behavior have generated an 
organized context which helps to deter- 
mine the course of subsequent learning. 
All of the significant features of human 
learning have become specialized by bio- 
social evolutionary development. 

9. Conventional learning theories are 
limited in their relevance to human 
learning because they treat learning phe- 
nomena in the simplest possible terms; 
they emphasize temporal association of 
responses and ignore spatial patterning: 
they imply that there is a basic bio- 
logical learning process unaffected by 
human specializations. 

10. The area of educational research 
has dealt mainly with evaluations of 
specific classroom techniques and de- 
vices such as audiovisual techniques. 


11. The most significant research con- 
tributions to learning science have come 
from training psychology and human en- 
gineering studies made during and since 
World War II. The human factors ap- 
proach emphasizes intrinsic determi- 
nants of performance and learning in 
relation to the perceptual and instru- 
mental design of the performance situa- 
tion. 

12. The human factors approach has 
generated a type of learning research 
based on analyses of the intrinsic stimu- 
lus-response organization of behavior as 
a feedback-control process. Techniques 
of displacing, delaying, and otherwise 
varying different properties of sensory 
feedback are used to study the spatial 
and temporal patterning of behavior and 
to show how these intrinsic relationships 
determine the course of learning. 
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of Learning Psychology 


i study of learning had no place in 
tmal science until just a century ago 
ava Helmholtz (1856-1866) launched 
: hat came to be known as the empirical 
me of space perception, a theory 
otable in its day as Darwin’s theory 
bony lation, Helmholtz was dealing with 
| Specific and general questions 
®Sout human behavior. The specific 
ih was whether space perception 
be. — or is innate. The general ques- 
atitien as pertinent today as at was a 
‘ieee y ago and as controversial: To 
init ee can we attribute the organ- 
1 of behavior to learning? Helm- 

ole recognized, as we do, that there are 
iii and variability in both 
ing = and animal behavior in respond- 
tion particular conditions of stimula- 
d _and that experience affects the 
saat ‘which situations are perceived 
ow behavior is organized. The im- 
a of the development of indi- 
"titi flexibility and specialization of 
the PAE through experience has kept 
Consideration of learning at the fore- 
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understanding of the basic mechanisms 
of the learning process or of the role 
and significance of learning in general 
patterns of behavior represent major ad- 
vances in behavior science. 


MILESTONES IN LEARNING 
METHODOLOGY 


In learning science perhaps more than 
in most scientific areas, theories have 
been defined to an important degree by 
experimental methods. Each significant 
technique for studying learning has pro- 
duced its own special type of learning 
data, and often a specialized set of data 
has been used as the basis of a distinct 
theory of learning. We begin our survey 
of learning science with a description of 
the most important laboratory tech- 
niques that have given learning theories 


their special flavor. 


Studying Memory 
with Nonsense Syllables 

Ebbinghaus (1913) set the stage for 
an important area of research on hu- 
man learning by his use of nonsense 
syllables in developing experimental 
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methods for the study of memory and 
forgetting. Although his hope that un- 
familiar combinations of letters would 
constitute units of equal difficulty and 
thus permit exact comparison of differ- 
ent experimental conditions was not en- 
tirely justified, nonsense syllables have 
been and still are being used widely in 
learning research. The memory drum, 
which presents words or syllables at 
regular intervals in a small window, has 
played an important role in this type of 
experiment on human learning and 
memory. Nonsense-syllable studies have 
yielded many kinds of data, including 
some which define a general curve of re- 
tention, as shown in Figure 2.1. 
Ebbinghaus’s work was important not 
only as the first systematic laboratory 
research on learning, but also because it 
defined a methodology for analyzing the 
conditions of efficient human learning. 
His unit of measurement of memory was 
the frequency of repetition needed to 
master a sequence. This same unit was 
used to measure retention or forgetting 
by means of the method of savings, that 
is, determining the percentage of trials 
saved in relearning a sequence after a 
period of time had elapsed. Ebbinghaus 
found that practice was beneficial be- 
yond the point of mastery (in overlearn- 
ing) and that spaced practice in general 
improved retention more than massed 
practice. He also devised a method to 
show that practice formed associations 
between noncontiguous items in a se- 
quence and that these associations were 
stronger for items close together than 
for those further apart. He defined a 
standard curve of retention which has 
been substantiated by later research. 
When he discovered that this curve was 
roughly logarithmic in form, he fitted a 


RETENTION 


YEARS 


Figure 2.1. The memory drum, similar to 


an instrument developed and patented in the 
United States almost a century ago as a ro- 
tating speller for classroom use. As a labora- 
tory tool for experiments on learning, the 
memory drum has played a role in defining 
the general curve of retention (or forgetting) 
and other functions of serial learning. 


logarithmic equation to it and became 
the first learning psychologist to express 


his empirical data as a mathematical 
function. 


Trial-and-Error Learning 

The growing interest, during the lat- 
ter half of the nineteenth century, in 
Darwin’s theory of evolution gave im- 
petus to the psychological study of ani- 
mal intelligence. Experimental expres- 
sion of this interest was found in the 
first experiments on animal learning, for 
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it was judged that learning ability was a 
valid criterion of intelligence. Thorn- 
dike (1898) was one of the first to 
instrument these ideas, carrying out ex- 
perimental observations on chickens, 
cats, and monkeys. 

Thorndike’s best-known experiments 
on animal intelligence are those dealing 
with cats in problem-solving situations, 
such as the box illustrated in Figure 2.2. 
The technique was to enclose the cat in 
a box which could be opened by manipu- 
lating a latch mechanism in some way, 
for example, by pulling a string. The 
ume required for the animal to give the 
Correct response leading to escape and 
food was recorded in successive trials 
and could be plotted as a learning 
Curve. Thorndike observed that the ani- 
mals displayed a good bit of random ac- 
Uvity in such situations before the ap- 
Propriate response _ finally appeared. 
Lloyd Morgan’s (1900) description of 
this variable behavior as trial-and-error 
€arning introduced a new phrase into 
Comparative learning psychology which 


igure 2.2 The cat in the puzzle box— 
? -L, Thorndike's (1898) original technique of 
nalyzing animal learning. The door of the box 


can be F Se te 
opened b ling a string inside the 
Bos. ju y pulling a g 


lee is 5 


is still used frequently to describe prob- 
lem-solving behavior and has been 
thought by some to express a general 
truth about the nature of learning. Al- 
though many psychologists today believe 
that responses are not emitted randomly, 
that errors are not a necessary com- 
ponent of learning behavior, and that 
exploratory behavior is a better term, 
Thorndike’s puzzled cats have left a 
permanent mark upon the terminology 
of the learning field. 

Thorndike’s (1932) more significant 
contribution to learning theory was his 
reformulation of one of the old laws of 
idea association as the law of effect: 
reactions followed by satisfying con- 
sequences are selected through learning, 
while reactions followed by annoying 
consequences do not produce this posi- 
tive change. Thus motivation was 
brought into a description of learning, 
and the concept of effect or goal achieve- 
ment was added to Ebbinghaus’s repeti- 
tion as a determinant of learning. 

Thorndike extended his animal-based 
principles to more generalized analyses 
of human verbal learning. On the basis 
of such studies and other sources of 
scientific information, he prepared one 
of the first experimentally oriented 
treatises on educational psychology 
(Thorndike, 1913-1914) , which has in- 
fluenced the programs of teacher train- 
ing throughout the modern period of 


American education. 


Maze Learning 

Whereas most of the important in- 
novations in learning methodology are 
associated with well-known names in 
behavior science, the maze was intro- 
duced by a psychologist who is re- 
membered currently for no other con- 
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tribution. Working with rats in the early 
period of animal psychology, Small 
(1900) adopted the maze because its 
labyrinthine nature suggested to him the 
natural habitat of rats. For several dec- 
ades, mazes of various designs and 
degrees of complexity were standard 
equipment in many laboratories and 
contributed significantly to the heyday 
of “rat” psychology. Several patterns 
are shown in Figure 2.3, including 
Small’s original Hampton Court maze. 
Small’s idea of studying animal learn- 
ing in a situation comparable to the 
habitat to which the species is adapted 
was a good one, and it called attention 


Figure 2.3, Maze patterns used to study 
learning in rats and men. a. The Hampton 
Court maze. b. A semilinear U-maze. c. A 
linear maze with alternating right-left choices. 
‘a based on W. S. Small. An experimental 
study of the mental processes of the rat. 
Amer. J. Psychol., 1900, 11, 133-165; b based 
on C. J. Warden. The relative economy of 
various modes of attack in the mystery of a 
stylus maze. J. exp. Psychol., 1924, 7, 243- 
275; ¢ based on J. Buel. The linear maze, 
I. “Choice-point expectancy,” “correctness,” 


and the goal gradient. J, comp. Psychol., 
1934, 17, 185-199.) 


inf 


to the spatial organization of behavior 
as few other techniques have. Com- 
plicated mazes such as the one Small 
used offer few problems to rats. They 
learn their way about readily even when 
not motivated by a specific drive such 
as hunger or thirst. They are not de- 
pendent on any one kind of sensory in- 
formation; rats deprived of sight, hear- 
ing, touch, or smell can learn as well as 
normal animals. Rats that have learned 
to run through a maze are able to wade 
or to swim through it, and if crippled 
by neurological surgery they can drag 
themselves to the goal. Few laboratory 
learning patterns have been so difficult 
to deal with in terms of conventional 
stimulus and response concepts. 

Eventually, however, psychologists 
found a way to beat the rats at their 
own game. They simplified the mazes in 
order to standardize the responses re- 
quired and thus to secure more reliable 
learning scores. Figure 2.3b and c are 
examples of such standardized patterns. 
The second of these is linear from en- 
trance to goal with a simple alternation 
required at the choice points—left, right, 
left, right, and so on. Although human 
subjects with their symbolizing abilities 
find such a maze extremely simple to 
master—especially in comparison with 
a complicated spatial pattern like the 
Hampton Court maze—it presents a 
fairly difficult problem to a rat. In effect, 
the rat has been promoted from a spatial 
problem that it can solve easily to a 
temporal problem that is foreign to its 
natural behavior patterning. 

Some of the early research workers 
who ran rats in simple mazes observed 
that the animals showed a tendency to 
vary their responses in successive trials. 
In T-shaped or Y-shaped mazes, 


spon- 
taneous alternation behavior was 


very 
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marked whether or not there were 
Specific rewards at the end of the run- 
ways. Since about 1950, many studies 
have shown that tend to 
explore novel situations even when they 
are not motivated by a_ physiological 
drive and when no external reinforce- 
ment is provided (Glanzer, 1958). Fur- 
thermore, they will learn specific re- 
Sponses in order to gain access to novel 
or changing situations. The maze tech- 
nique more than any other learning 
method used with animals under the 
Primate level has emphasized the im- 
Portance of exploratory or diverting 
behavior in animals—behavior which is 
analogous to perceptual and intellectual 
Curiosity in human individuals. 

Many prominent psychologists have 
used the maze as a technique for learn- 
mg research, but only one—Tolman 
(1932) —hased a general theory of 
learning on data derived mainly from 
Maze experiments. Tolman’s cognitive 
theory has had limited impact on learn- 
ing Science—perhaps unfortunately, in- 
asmuch as he attempted to account for 
the fundamental space patterning of be- 
havior, He never came to grips with 
Some of the questions raised by maze 
Performance in rats and men. Why is it 
that rats can perform so well in a com- 
Plicated maze and do so poorly when the 
Pattern js simplified? If learning is 
*ssentially similar in animals and men, 
why do rats find a complicated spatial 
Maze easier to learn than a linear al- 
‘ernation maze while just the reverse is 
true of human subjects? If learning is a 
temporal linking of responses, aS as- 
ings in all conventional S-R theories, 

Y do rats find a simple temporal 
“quence so difficult? And by what 
Means has the human species gained 


animals 


mastery over temporal patterns? These 
questions never have been answered 
in learning psychology. Indeed, they 
have scarcely been asked. 

Our own approach to these questions 
is based on the assumption that be- 
havior is feedback controlled according 
to spatial characteristics of the stimulus 
environment, that human_indi- 
viduals manipulate temporal sequences 
by symbolic representations that are 
themselves spatially organized. Inas- 
much as such symbolic skills—as well 
as related instrumental skills—are de- 
veloped only at the human level, men 
behave and learn differently from other 
animals. These ideas will be presented 
more fully in the next chapter and later. 


and 


Discrimination Learning 

Early comparative psychologists were 
interested not just in learning but in all 
aspects of the animal mind, and special 
techniques were devised to study sensory 
capacities. Out of this effort was de- 
veloped the discrimination experiment 
jn which an animal was trained to re- 
spond positively to one of two stimulus 
cues so that its ability to discriminate 
differences could be tested. At first, the 
learning phase of the experiment was 
merely a tedious preliminary to the main 
testing phase, but in time the technique 
was accepted as one way of studying the 
learning process. 

Early in the twentieth century, Yerkes 
(1907) described a discrimination box 
that he had devised to test the visual 
capacities of mice. It was a simplified 
maze with one choice point; the mouse 
could go either to the right or to the 
left as it entered the box. The correct 
choice was indicated by a pair of visual 
cues. For example, the positive cue 
might be a light square and the nega- 
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tive cue, a dark square. Once the animal 
had learned to turn toward the brighter 
of the two cues, the brightness differ- 
ence between them could be reduced 
gradually until the brightness discrimi- 
nation threshold was reached and the 
animal no longer could make a con- 
sistently correct choice. 

In a box such as this, rats and mice 
learn a discrimination habit very slowly, 
for at first they seem not to be paying 
attention to the cues. A more efficient 
technique for studying discrimination 
learning in rats was devised by Lashley 
(1930). As shown in Figure 2.4, rats 
were trained to leap from a platform 
toward one of two discrimination cards. 


Figure 2.4. Lashley’s (1930) technique of 


studying visual discrimination learning in the 
rat. a. The rat facing two choices. b. The cor- 


rect door falling inward, permitting a safe 
landing. 


One of the cards—the correct choice— 
fell back when hit to permit the animal 
a safe landing on a feeding platform. 
The other card was locked in place, so 
that a rat leaping against it fell into a 
net below. With this technique, rats 
quickly learned to discriminate visual 
patterns, relative brightness, or relative 
size. 

Using both the discrimination and the 
maze techniques, Lashley (1929, 1934, 
1944) carried out an extensive series of 
experiments designed to analyze the role 
of the cerebral cortex in mediating 
learned responses. After rats had learned 
specific habits, they were subjected to 
various types of experimental injuries 
to the brain. Over all, Lashley’s findings 
were in direct conflict with established 
views that learning involves discrete 
stimulus-response units that are linked 
by specific neural pathways. He found 
instead that restricted lesions did not 
produce specific losses in learned habits 
but resulted rather in a general retarda- 
tion of learning ability. The larger the 
lesion, the greater the retardation ob- 
served. The ability to discriminate visual 
patterns was not destroyed by partial 
lesions of the visual cortex but only by 
complete lesions. Any part of the visual 
projection areas enabled the rats to dis- 
criminate visual detail and form. Fur- 
ther, Lashley found that he could cut 
entirely through the cortical association 
areas without _ seriously disturbing 
learned patterns. His results suggested 
that the cerebral cortex is organized on 
a general basis to mediate learned re- 
sponses—an interpretation that con- 
forms more to gestalt concepts of or- 
ganized wholes than 


learning conce 
units. 


to conventional 
pts of specific response 
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Still another phase of discrimination 
learning research—known as the trans- 
position experiment—has challenged the 
specificity of stimulus cues utilized in 
learning. Animals are trained to dis- 
criminate between two stimuli and then 
are tested on a new pair to determine 
which of the new pair is equivalent to 
the learned positive choice of the orig- 
inal pair. Frequently they respond to the 
new situation on a relative rather than 
an absolute basis. Kliiver (1933) 
showed that monkeys trained to choose 
the heavier or larger of a pair almost 
always chose the heavier or larger of a 
new pair, even when the original positive 
choice was used as the negative choice in 
the transposition test. Lashley’s (1938) 
Studies of form discrimination in rats 
also emphasized relational factors. Rats 
trained to discriminate between geo- 
Metrical forms—triangles, squares, dia- 
monds, and so on—in various orienta- 
Hons and figure-ground relationships 
4pparently based their choices on certain 
Telational properties of the figures 
rather than on absolute stimulus prop- 
erties, 

Lashley’s work was objective and 
Carefully controlled and might have had 
8teat impact on American learning 
Psychology, but he never crystallized 

1S experimental findings into a strong 
theoretical position. The implications of 
1S research—that organized behavior 
should be conceptualized in terms of 
relational or differential processes rather 
than as a chain of specific stimuli and 
Tesponses linked by discrete neural 
Pathways—were more or less ignored 
Y those at the forefront of learning 
Psychology. Trial-and-error learning, 
maze learning, and discrimination learn- 


ing were interesting but became periph- 
eral, for other techniques and sets of 
learning data were in vogue. 


Conditioned Reflexes 

When the problem box, the maze, and 
the discrimination box were introduced 
into psychological laboratories, com- 
parative psychology was in its infancy 
and was almost as mentalistic in its 
terminology and implications as its 
parent—the study of the human mind. 
Such a science had not yet provided a 
basic substantive demonstration of learn- 
ing as a biological or physiological 
process. The technique that was to do 
this and the learning data that were to 
define a new course for objective learn- 
ing theory originated in the laboratory 
of a Russian physiologist, Pavlov 
(1927). Now that the conditioned reflex 
is almost a household word, it is difficult 
to realize the significance of the first 
demonstration that overt behavior pat- 
terns, including vital reflexes of the 
organism, can be modified by means of 
experimentally presented combinations 
of stimuli. 

The first experiments on stimulus con- 
ditioning were reported in Russia in 
1903 but apparently were unknown in 
America until 1909 or later (Boring, 
1929). They were carried out somewhat 
as indicated in Figure 2.5. Dogs were 
used as research subjects and the 
salivary reflex was chosen as the unit 
of behavior to be studied. The dog was 
placed in a stock and presented with a 
selected stimulus, such as a bell sound, 
that originally elicited no specific ob- 
servable response. Food then was pre- 
sented after a short interval of time and 
the resulting salivary fluid was collected 
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Figure 2.5. Pavlov’s (1927) method of sa- 
livary conditioning. The salivary gland of the 
animal is inverted so that its secretions can be 
accumulated externally and measured. The 
animal is presented with an external stimulus, 
which causes no measurable salivation; then 
the sight of food, which produces salivation. 
After a number of paired presentations, the 


animal learns to salivate to the first or con- 
ditioned stimulus. 


Figure 2.6. 
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and measured. Following a number of 
trials of this sort in which the sound 
always was followed by food, the sound 
alone became effective in bringing about 
the salivary response. 

The course of this conditioning proc- 
ess is diagramed in Figure 2.6, which 
indicates the sound or conditioned 
stimulus (CS), the food or uncondi- 
tioned stimulus (UCS), and the con- 
ditioned response (CR). Before condi- 
tioning, at the time of the first trial, 
salivary response to the bell is either 
nonexistent or variable, and the animal 
gives the unconditioned salivary re- 
sponse when food is displayed (we have 
omitted the UCR from the diagram). 


The process of classical conditioning. The bell or conditioned stim- 
timulus (UCS), after an interval 
e lines represent different trials in a series of twenty- 
but after successive pairings of CS and 
nducing salivation. The strength of this 
‘adually, as indicated by the size of the 


(Salivetion) 


Milestones in Learning Methodology 29 


With repeated presentations of the 
paired stimuli, the conditioned response 
of salivation to the bell appears and 
gradually increases in strength. While 
both UCR and CR are designated as 
salivation, careful analysis shows that 
they differ somewhat—perhaps in mag- 
nitude or in temporal patterning. 

Pavlov carried out many experiments 
to identify conditions that would affect 
the formation of a conditioned response 
or alter such a response after it was 
formed. He showed how learned reac- 
tions of this nature, once set up, would 
disappear if the conditioned stimulus 
Were presented repeatedly without being 
followed by the unconditioned stimulus. 
He called this process experimental ex- 
tinction. He demonstrated further how 
other stimulus effects would inhibit 
learned reactions and how variation in 
the time relations between CS and UCS 
Would alter the nature of the learning. 

€ found that an interval of 0.2 to 0.5 
Second between stimuli was optimal for 
effective conditioning. 

The animal conditioning experiments, 
More than any other single innovation 
m research methodology, stimulated the 
shift of modern psychology from a 
Mentalistic to a behavioral orientation. 

rom the 1920s on, many attempts have 
een made to apply these methods to the 
analysis of learned behavior in man. Al- 
though psychologists describe their ex- 
Periments on conditioning of somatic 
Tesponses, such as the knee jerk and 
the eyelid reflex, as studies in classical 

avlovian conditioning, their findings 
never have duplicated those of the origi- 
Nal studies of salivary conditioning in 
the dog. Conditioned reactions in man 
Often are variable and_ unstable, and 
Some subjects may not condition at all. 


Those who do acquire the CR likely 
will do so erratically and will not show 
a gradual acquisition curve such as 
Pavloy described. Furthermore, some of 
the special phenomena of conditioning 
cannot be demonstrated as clearly or 
as consistently in human subjects as in 
dogs. 

Pavlov and some of his associates 
seized upon the conditioning process as 
a general explanatory concept for be- 
havior organization, and their enthusi- 
asm was shared in this country by many 
psychologists of behaviorist persuasion. 
Watson (1924), in particular, attempted 
to interpret all of human behavior in 
conditioning terms, describing the whole 
process of early development as a series 
of conditioning operations imposed upon 
the infant’s limited repertoire of innate 
reflexes. Some years later Hull (1943) 
incorporated certain features of condi- 
tioning into a general drive-reduction 
theory of learning, based on the assump- 
tion that a response is reinforced or 
strengthened to the extent that it re- 
duces a drive state. 

Hull’s elaborate system and its im- 
plications preoccupied a considerable 
segment of learning psychology for more 
than two decades, but is far less in- 
fluential today than when it was being 
developed. In fact, it was Hull’s own 
integrity as a scientist that in the end 
revealed the weaknesses of his system. 
In attempting to test and to quantify his 
basic postulates by direct experimenta- 
tion, he established a number of par- 
ticular facts about conditioning but 
made no breakthrough in relating these 
facts to his sweeping generalizations 
about human adaptive behavior. 

In judging all such systematic at- 
tempts to interpret human behavior in 
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conditioning terms, we must not lose 
sight of the fact that the somatic be- 
havior of man does not condition in the 
classical sense. Attempts to find evidence 
that conditioning processes account for 
the acquisition of skilled motions and 
language behavior have been entirely 
unconvincing—if not downright failures. 
Hull’s inferences for a time were logi- 
cally inviting, but they produced no use- 
ful specifications for regulating educa- 
tionally significant skills in adaptive 
human situations. 


Operant Conditioning 

The animal learning technique that 
has been adopted the most widely and 
that has had the most influence on gen- 
eral learning theory during the past 
three decades was invented by Skinner 
(1938) and became the basis of a syste- 
matic theory of behavior and learning. 
Skinner’s original apparatus, which is 
known generally as a Skinner box, was 
essentially an automated food dispenser 
for rats. It consisted of little more than 
an enclosed box with a lever or bar at 
one end which, when pressed by the rat, 
automatically released a pellet of food 
into a food tray. Later Skinner (1948) 
extended the method to work with 
Pigeons. Both of his arrangements are 
illustrated in Figure 2.7. In Figure 2.7a, 
the rat presses a bar to get food, and in 
Figure 2.7b, the Pigeon pecks a disk 
to get a piece of grain. 

A novel feature of Skinner’s rat box 
when it was introduced was the method 
of recording and measuring behavior. 
Each Press of the lever raised a mar! 


pen one notch on a sl] 
ord 


king 
owly moving rec- 
» So that a cumulative record of re- 
Sponses as a function 0 


f time was ob- 
tained 


automatically. For graduate 


Figure 2.7. Skinner’s (1938, 1948) tech- 
niques of studying operant conditioning. a. 
The Skinner box in which a rat presses a lever 
to get a pellet of food. The apparatus schedules 
certain times or rates at which responses will 
deliver the reinforcement. b. Pigeon facing the 


disk that it pecks to get reinforcing bits of 
grain. 


students and young experimentalists ac- 
customed to running rats, cats, or dogs 
for hundreds or thousands of trials to 
get their data, this was a great idea. The 
rat could be put in the box to record its 
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own behavior while the experimenter 
went about his business. One wonders 
whether the widespread adoption of 
Skinner’s methods and the promulgation 
of his views was due in part to the 
ease with which the data were collected. 
Possibly learning theory might have 
taken a different course had someone 
come up with a different kind of auto- 
mated technique! 

Be that as it may, Skinner’s main 
interest was in the type of behavior that 
his box permitted. By pressing the lever, 
the animal secured a desirable effect 
which reinforced or strengthened the 
lever-pressing response. Although this 
Situation was arranged quite differently 
from a classical conditioning experi- 
ment, Skinner borrowed some of Pav- 
lov's terminology and described his rats’ 
behavior as operant conditioning as 
distinct from the respondent condition- 
ing studied by Pavlov. 

The reason for these terms lies in the 
arrangement and control of stimuli and 
reinforcement. In classical conditioning, 
the experimenter controls the presenta- 
Hon of both conditioned and uncondi- 
Noned stimuli and in the early learning 
tials presents the second or reinforcing 
Stimulus before the animal has given 
Ries desired response. In operant con- 
ditioning, the response is not elicited by 

© experimenter directly but is emitted 

Y the animal in the course of its be- 
avior. The effective stimulus or pattern 
of stimuli for the first response is not 
identified, This situation is very much 
ike Thorndike’s trial-and-error learn- 
18> although ideally the Skinnerian ex- 
Perimental arrangement is such that 
the animal stumbles upon the correct 
7°Sponse without wasting much time. 
© important thing is that the response 


is instrumental in producing the food 
reward—that is, the reinforcement is 
directly contingent upon the bar-pressing 
response. Inasmuch as this response is 
not elicited by any known stimulus, 
Skinner calls it an operant, in the sense 
that the animal is operating on its en- 
vironment. A response elicited by a 
known stimulus, as in classical condi- 
tioning, is called a respondent. An 
operant is strengthened by positive rein- 
forcement, which might be the attain- 
ment of a desirable effect, such as food, 
or the avoidance of an undesirable effect, 
such as shock. Elimination of the operant 
by withholding the reinforcement is 
known as extinction, as in classical 
conditioning. 

Although experimenters who use this 
methodology have adopted the termi- 
nology of Pavlov, they specify that 
operant conditioning, in which the 
animal operates on the environment, is a 
different kind of learning from classical 
conditioning, in which the environment, 
via the experimenter, operates on the 
animal. One difference sometimes noted 
is that classic conditioning is passive 
learning, in which the animal stands 
quietly while the experimenter’s stimulus 
arrangements modify its behavior, while 
operant conditioning is active learning, 
requiring the animal to make some overt 
operation that in itself leads to the 
reward. After drawing the distinction 
between the two kinds of conditioning, 
Skinner himself admitted that respond- 
ent conditioning probably cannot be 
demonstrated in “pure” form and, in 
fact, may not exist. At any rate, the be- 
havior he was interested in and built his 
theory upon was the kind in which the 
reinforcement is directly related to the 


response. 
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The experimental methodology of 
operant conditioning has been used 
extensively to analyze the temporal pat- 
terns of unit responses in relation to 
motivational state and certain other 
variables. In particular, this method has 
been used to study the effects of rein- 
forcing only some of the animal’s re- 
sponses in specified patterns or sched- 
ules. For example, the animal might 
receive food after every response, regu- 
larly at certain temporal intervals, after 
one response in ten, or at random inter- 
vals. The apparatus in Figure 2.7a is 
designed for automatic presentation of 
partial reinforcement schedules, known 
variously as fixed-interval, fixed-ratio, 
and aperiodic reinforcement. Many 
studies have been carried out to analyze 
how different reinforcement patterns 
affect the strength of the operant—that 
is, the rate of responding. In general, 
an animal learns more slowly with 
partial reinforcement than with 100 per- 
cent reinforcement, 


but the response 
learned 


with partial reinforcement is 
more resistant to extinction. This same 
general result has been noted for a num- 
ber of kinds of learned behavior in 
animals and man, including human 
gambling, and is assumed to have con- 
siderable significance 
behavior and hum 
eral. 


Skinner (1953, 1961b) and some of 
his colleagues in the Operant condition- 
ing research field apply their results on 
tats and pigeons almost without qualifi- 
cation to human learning, education, and 
general behavioral adaptation. They say 
that behavior is molded or organized in 


Sequential patterns of unit responses by 
the consequences, or 


following the responses 


for educational 
an behavior in gen- 


reinforcements, 
- Some efforts 


have been made to apply operant pro- 
cedures of learning, to young children 
and mental patients and, as we shall see 
in Chapter 10, operant methodology has 
been construed as theoretical justifica- 
tion for automated teaching-machine in- 
struction. However, it appears to us that 
analyzing temporal sequences of animal 
lever-pressings throws little light on the 
organization of human instrumental and 
symbolic skills. In fact, we question 
whether the operant conditioning experi- 
ment offers a valid interpretation even of 
animal behavior. There are no tools in 
the animal’s natural adaptive environ- 
ment, and its natural reinforcements or 
incentives rarely are doled out in tem- 
porally separated units. Animals, like 
men, normally organize their behavior 
according to spatial patterns, and they 
must find the temporal series of discrete 


responses in a Skinner box as foreign to 
their nature as we do. 


GENERAL THEORIES 
OF LEARNING 


The experimental methods that we 
have described, save that of Ebbinghaus, 
were developed originally for animal re- 
search, but they derive their principal 
significance not from what they reveal 
about animal behavior but from the fact 
that they have structured most of the 
general theories of learning. By a gen- 
eral theory, we mean one that attempts 
to account for all learning phenomena in 
both animals and man within one logi- 
cal, parsimonious system. 

In order for stimuli and responses to 
be organized within one behavior pat- 
tern, they must come together in space 
and in time—that is, they must have 
some degree of spatial and temporal 
contiguity. The fact of temporal con- 
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tiguity has been the starting point of 
most stimulus-response theories of learn- 
ing, but they differ as to whether it 
should be accepted as a causal principle 
for learning change or should be thought 
of as just a mechanical arrangement that 
permits other factors to operate. If one 
accepts temporal contiguity as causal, 
One must determine whether any other 
Organizing principle is necessary to ex- 
plain learning. If one does not accept 
Contiguity as causal, then of course the 
main effort is to identify the factor or 
factors that do cause learning to occur. 
The factor other than contiguity that has 
been proposed most often is some state- 
ment of effect or reinforcement. Thus a 
Simplified classification of stimulus-re- 
Sponse learning theories includes three 
Categories: contiguity-alone theory; re- 
inforcement-alone theory; and con- 
Uguity-plus-reinforcement theory, oF 
two-factor theory. The distinction be- 
‘ween the second and third types of 
theory is not always clear inasmuch as 
Some theorists emphasize reinforcement 
Seemingly without making a_ final de- 
“sion whether or not to espouse con- 
bguity, 
An unfortunate aspect of learning 
Psychology is that  stimulus-response 
Corists almost always have ignored the 
— of spatial contiguity or spatial 
8anization in learning change. Those 
P*ychologists usually grouped together 
©gnitive theorists have recognized 
vs importance of spatial patterning in 
ney Cturing learning, but their ideas 
th er have been expressed objectively 
regia tulus-tesponse terms and thus 
Ist scientific analysis and evaluation. 
is . Beneral theoretical aim of this book 
© show that it is possible to account 
°r the Spatial patterning of behavior 


and learning in terms of objectively 
identifiable _ stimulus-response 
anisms—the — sensory-feedback —mech- 
anisms of patterned behavior. However, 
our ideas about learning do not con- 
stitute a parsimonious logical system and 
are not strictly comparable to the gen- 
eral theories to be discussed here. Our 
position is more nearly allied with that 
broad psychological point of view 
known loosely as functionalism, although 
the self-styled functionalists of today 
embrace quite a different set of concepts 
from our own. 


mech- 


Contiguity Theory 

Modern contiguity theory is associated 
closely with the name of Guthrie 
(1952), who more than any other psy- 
chologist was responsible for translating 
the associationism of the English em- 
piricists into a plausible stimulus-re- 
sponse theory of learning. Whereas the 
empiricists dealt with the association of 
ideas, Guthrie gave a strictly behavior- 
istic interpretation of the association of 
stimuli and responses. His basic law of 
learning was that a_pattern of stimuli 
that accompanies a movement will on 
recurrence tend to be followed by that 
movement. His other main principle 
was that a learned association between 
stimuli and response gains its full 
strength on its first occurrence. If learn- 
ing occurs at all, it occurs at maximal 
strength. 

Guthrie showed great ingenuity in 
interpreting all kinds of learning phe- 
nomena in terms of his basic assump- 
tion of automatic association of contigu- 
ous stimuli and responses. To explain 
the obvious fact that many performances 
continue to with _ practice, 
Guthrie distinguished between complete 


improve 
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acts which are made up of many move- 
ments and the unit responses or move- 
ments to which his all-or-none learning 
principle was meant to apply. To learn 
an act or skill, each movement in it must 
be associated with the appropriate 
stimuli or cues. If the act must be per- 
formed under varying conditions, each 
movement in it must be associated with 
a number of stimulus patterns. Thus for 
the total act we see improvement with 
practice, but each individual association 
involved in the activity, according to 
Guthrie, is learned fully in one trial. 
Guthrie’s theory denies that either 
drive state or reinforcement is necessary 
to learning. The function of a reinforc- 
ing stimulus or reward following the 
learned association is to change the 
stimulus complex and thus to permit the 
association to be preserved. For ex- 
ample, an animal escaping from a puzzle 
box preserves the last learned association 
that it made in the box because the 
escape changes the situation and permits 
no further associations to be formed to 
the effective stimuli. When put in the 
box again, the animal tends to repeat 
the last response that led to the escape 
because no more recent associations are 
interfering with the effective one. Per- 
formance is not perfect after one trial 
only because the cues are complex and 
the animal’s movements 
and more than one stimulus-move- 
ment association must be 
The only function of the d 
learning is to cause the ani 
vidual to perform certain ki 
ments which 
with whatever 
the same time, 
Experiments on sensor 
or sensory precondition 


are variable, 


learned. 
rive state in 
mal or indi- 
nds of move- 
then become associated 
stimulus patterns occur at 


y conditioning, 
ing, sometimes 


are cited as evidence that learning does 
occur according to the contiguity prin- 
ciple without the need for reinforcement. 
In Brogden’s (1939) original experi- 
ment, a bell and a light first were pre- 
sented simultaneously to dogs many 
times and then one of these stimuli was 
conditioned to elicit forelimb flexion by 
being paired with shock. After this train- 
ing, the other one of the original stimuli 
also elicited flexion in test trials al- 
though it never had been paired with 
shock. Although it appears that some 
kind of learned association occurred 
here without benefit of reinforcement, a 
determined reinforcement theorist is 
never at a loss to find some kind of re- 
inforcer at work. Spence (1951), for 
example, after discussing the implica- 
tions of the sensory preconditioning ex- 
periments concluded, “there remains the 
possibility that one or the other of the 
two stimuli is sufficiently intense to pro- 
duce a mild drive state, and hence for its 


cessation to produce a reinforcing state 
of affairs.” 


(This is not necessarily 
Spence’s 


own interpretation.) The 
beauty of reinforcement theory is that 
it is next to impossible to disprove. 


Reinforcement Theory 


Reinforcement theory in some form 
or another has been very much in the 
center of the stage in learning psychol- 
sy ever since Thorndike (1898) first 
formulated the law of effect. Thorndike 
himself was not a rigorous system- 
atist but placed his main 
emphasis on the strengthening or weak- 
ening of responses according to their 
effects. His early position was that learn- 
ing took place in accordance with three 


laws: readiness, exercise, and effect 
(Thorndike, 1913-1914). Sy 


always 


bordinate to 
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these were five additional principles 
which seemed to Thorndike important: 
multiple response (variability of reac- 
tion), set or attitude, prepotency of ele- 
ments, response by analogy, aa] wiscotia 
tive shifting. These various laws or 
principles came and went in Thorndike’s 
Writings, but he gradually developed 
what was essentially a two-factor cucen 
recognizing learning by selecting andl 
Connecting, governed by the effect: and 
learning by associative shifting, gov- 
erned by contiguity (Thorndike, 1932). 

Skinner (1938) also proposed what 
amounted originally to a farostactor 
theory by recognizing respondent and 
°perant conditioning. He speculated that 
Pure classical conditioning dependent on 
Contiguity might be limited to auton mic 
responses while skeletal behavior follows 
en laws of instrumental or operant c@n- 
ditioning, Inasmuch as his entire interest 

as been centered on this latter kind of 
earnine—in which the strength of an 
°perant is increased by the occurrence 
of a reinforcing stimulus directly con- 
at upon the operant—his position 
“Pears to be equivalent to reinforce- 
Ment-alone theory. 

Hull (1943) and his adherents main- 
ha persistently that learning requires 
that — of arene hae 
is not poral contiguity in and 0 

enough to produce learning. ere 
ae been a number of efforts to devise 
this experiments to prove hig ein 
indicutey a0) far to no er : 
Sensory above in Se ee ‘4 
Shia Preconditioning expert sa 

Impossible to disprove the actio 
a reinforcement, at least to the satis- 
es of a reinforcement i aie 

ted an elaborate system © sec 
ary reinforcers which derive their 


original potency from their association 
with primary drives and primary re- 
inforcers. In time, secondary reinforc- 
ers may become divorced from the 
primary drive so that they can 
strengthen responses without actually 
reducing drives. This position is flexible 
enough to allow the reinforcement in- 
terpretation in almost any kind of be- 
havior. 

Another out for reinforcement theo- 
rists is to assert that such events as 
perception, exploration. curiosity, and 
the like are motivated by specific drives 
that are satisfied by the behavior. Thus 
a rat in a maze may be reinforced by its 
own exploratory activity. A monkey in 
a cage may learn to open a peephole be- 
cause it is reinforced by being able to 
look out. Woodworth (1947) even postu- 
lated that perceptual learning is moti- 
vated by “a direct, inherent, motive 
which might be called the will to per- 
ceive.” so that the individual or animal 
is reinforced by attaining a clear 
perception. If this kind of flexibility of 
interpretation is permitted, reinforce- 
ment theory probably never can be put 
to a critical experimental test. The 


estion is whether such a poorly de- 
forcement can be 


qu 
fined concept as rein 
taken seriously as a rigorous scientific 


principle or whether it must remain at 
the descriptive level. 

One of the early proponents of Hull’s 
reinforcement-alone theory revised his 
views to include contiguity conditioning 
as a second type of learning. Mowrer 
(1951) felt that much emotional learn- 
nditioned fear, is a result 
of simple contiguity conditioning with- 
out necessarily involving reinforcement 
through drive-reduction. Later Mowrer 
(1960) revised his theory still further 


ing. such as co 
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and proposed that the consequences of 
instrumental acts affect future responses 
because they evoke such positive affec- 
tive states as hope or such negative states 
as fear. In his revised theory, Mowrer 
stated that all learning is sign learning 
—or conditioning by contiguity—and 
instrumental learning is just a special 
case. The two-factor designation was 
retained to indicate that there are two 
kinds of reinforcement, drive decrement 
(reward) and drive increment (punish- 
ment). 

Mowrer’s writings exemplify an im- 
portant trend in learning theorizing in 
the past quarter century. Caught in the 
upsurge of abnormalistic-clinical psy- 
chology, especially in the years since 
World War II, many learning theorists 
have been more concerned with inter- 
preting emotional learning—the devel- 
opment of anxieties, neuroses, psy- 
choses, and other forms of disordered 
behavior—than in analyzing how indi- 
viduals learn their characteristically hu- 


man verbal, symbolic, and perceptual- 
motor skills. 


Cognitive Theory 


The great weakness of S-R learning 
theories, either the contiguity, reinforce- 
ment, or two-factor variety, is that they 
have little to say about how an indi- 
vidual acquires his perceptual knowl- 
edge of the world about him and is able 
to conform with his movements to the 
patterns that he perceives. Temporal 
contiguity and reinforcement would 
seem to be at best very haphazard 
arrangements for teaching a person all 
the myriad details about how the world 
with its objects and events is structured, 
and yet people acquire just such de- 


tailed knowledge. Furthermore, most 


perceptual knowledge is reasonably ac- 
curate, for it enables the individual to 
exercise precise control over his own 
movements in relation to the environ- 
ment and over objects, events, and other 
people in that environment. The notion 
that this accurate, usable perceptual- 
motor knowledge is acquired as a tem- 
poral series of associations—either as a 
result of chance contiguity or of the 


effects of reinforcements— 


discrete 
strains one’s credulity. 
Many S-R learning theorists recog- 
nize that perception is a problem that 
cannot be ignored. Hilgard (1956), for 
example, stated, “The problem of per- 
ceptual discrimination is a central one 
for learning theory.” However, he of- 
fered no other approach to analyzing 
the problem than to cast it in the 
familiar drive-motivation-reinforcement 
mold of conventional S-R_ learning 
theory. Describing the perceptual factor 
in such terms as the goals of perceptual 
stability and definiteness, and the motive 
of curiosity, Hilgard drew the analogy 
that seems to follows inevitably on this 
line of thinking: “The organism seeks a 
perceptually stable environment in a 
fashion somewhat parallel to that in 
which it seeks an internally stable en- 
vironment. There is a kind of environ- 
mental homeostasis parallel to physio- 
logical homeostasis.” 
If the motivation of behavior is 
thought of as conforming to the prin- 
ciple of homeostasis, then it follows that 
adaptation is a matter of reducing 
drives or satisfying motives. This prin- 
ciple, which is accepted almost univer- 
sally by psychologists (for a note of 
caution, see Davis, 1958), implies that 
the organism is always seeking equilib- 
rium. In our opinion, the homeostatic 
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principle exactly reverses the true state 
of affairs in behavior, for the living 
organism or individual is constructed to 
be active, not to achieve equilibrium. 
One of the basic movement mechanisms 
of the body, the tremor caused by 
reciprocal innervation of opposing mus- 
cle groups, has as one of its functions 
the continuous activation of the sense 
organs. A receptor such as the eye when 
It is artificially fixated on a stimulus 
pattern quickly adapts to the unchang- 
Ing pattern and in effect becomes non- 
functional (Riggs et al., 1953). Normal 
tremor activity plus _ periodic flick 
Movements are enough to keep the eyes 
functional even though there are no 
8T0ss movements of the body or of the 
Visual environment. Maintaining activity 
Might be called the basic form of be- 
avior motivation, but it is not a drive 
that can be reduced toward a steady 
State, for the activity goes on. 

The dynamic quality of perceptual- 
Motor behavior was recognized first by 
8estalt psychologists, although their em- 
was on perception, not motion. 
Kohler (1929), Koffka (1935), and 
fons gestalt theorists rejected associa- 

sm in both perceptual and learning 
na They maintained and planned 
ine to demonstrate that percep- 
cret 1s not made up of a bundle of dis- 

€ sensations, nor is learning @ 
el of linking together discrete 
eg Learning is a dynamnie re- 
Sig of the individual's Sa 
ibeiiadl nn pinata lea ing a 

ding and insightful solution: 

Sstalt learning theory is in direct OP- 
es to the blind, automatic associa- 
ing - that is implied in most S-R Jearn- 
und eory. It emphasizes cognitive 

€tstanding of relationships 1 the 


field of the observer—awareness of how 
means lead to consequences. 

Tolman’s (1932) cognitive theory of 
learning had much in common with 
classical gestalt theory, although he 
called himself a behaviorist and based 
his analyses on the overt behavior of 
animals—principally of rats in mazes. 
Tolman thought of learning not as the 
linking of movements to stimuli, but as 
the acquiring of cognitive knowledge 
of relationships in the behavior field. He 
thought that rats in a maze learned 
their way about in it by learning “what 
leads to what,” not by acquiring a fixed 
sequence of movements from start to 
goal. He felt that this learning could 
occur without any specific motivation or 
reinforcement but just as a result of ex- 
perience in the maze. 

Cognitive theories of learning have 
served the very useful purpose of em- 
phasizing many characteristics of be- 
havior that are handled poorly by S-R 
theorists. They emphasize the impor- 
tance of the perceptual component of 
behavior, and the fact that perceptual 
patterns are organized into meaningful 
wholes. They emphasize the spatial pat- 
terning of the individual’s interactions 
with his environment. They emphasize 
learning situations in which meaningful 
organization of the subject matter en- 
to) . . 
ables the individual to take insightful 
short-cuts to the solution, thus elevating 
the learning process above the level of 
blind associationism. Their weakness is 
that they have not defined their percep- 

cognitions, and organizational 
ses in objective terms and thus 
ble to say how the perceptual 
patterns influence subse- 


tions, 
proces 
are not a 
or cognitive 


quent behavior. 
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DIMENSIONAL ANALYSES 
OF HUMAN LEARNING 


Although a large segment of learning 
science has focused its efforts on the 
definition and evaluation of general 
theories of learning, another important 
segment has been less concerned with 
identifying the basic nature of the learn- 
ing process than in analyzing how 
specific kinds of learning are affected by 
specific variables. This is essentially the 
dimensional approach to learning re- 
search and is representative of the func- 
tionalist point of view in psychology. A 
part of the functionalist tradition is that 
our understanding of behavior is still so 
incomplete that rigid explanatory sys- 
tems are suspect. Thus research on 
specific problems is preferred to any 
involvement in general theoretical is- 
sues. This approach has been respon- 
sible for much of our detailed knowl- 
edge about how learning varies as a 
function of many different environ- 
mental, behavioral, and individual vari- 
ables. 

The vast amount of research litera- 
ture that falls within the general dimen- 
sional analyses of learning category is 
difficult to classify and even more diffi- 
cult to summarize. For our present 
purposes, we shall review some of the 


main research trends that are relevant 
to our discussion. 


Principles of Learning Economy 
Many factors have been shown ex- 
perimentally to affect the rate of learn- 
ing. Some of these are individual factors 
—age, sex, intelligence, level of motiva- 
tion, intent of the learner, set, and so 
on. Some factors have to do with the 


type of material to be learned—whether 
it is meaningful or nonmeaningful, 
verbal or motor skill, serial items or 
paired associates, composed of similar 
or dissimilar items. A third group, situ- 
ational factors, have to do with the 
general arrangements for practicing the 
material to be learned. These often are 
discussed as general rules of learning 
economy. 

One of the rules that dates from 
Ebbinghaus (1913) is that a series of 
short practice sessions is more efficient 
than the same amount of practice in one 
continuous session. This rule apparently 
is valid for the sort of rote verbal learn- 
ing used in laboratory experiments and 
for simple motor skills, although the 
optimal interval between practice ses- 
sions has varied from one experiment to 
another. However, there are some situa- 
tions that definitely favor massed prac- 
tice over short-session practice. When a 
warm-up is required for a learner to 
perform a task efficiently, distributed 
practice may be less efficient because it 
wastes time in repeated adjustment 
periods (Hovland, 1951). Ericksen 
(1942) has stressed the value of a 
massed attack in a problem situation 
where a variable approach leads to a 
more rapid solution. Distributed practice 
tends to produce stereotyped behavior. 
Most importantly, when the task to be 
learned is complex or composed of 
several differing parts, there is no gen- 
eral rule about the most efficient prac- 
tice schedule. A series of studies re- 
viewed by Lumsdaine (1961) attempted 
to determine optimal teaching sequences 
for technical skills but found contra- 
dictory and ambiguous results. 


The experiments just mentioned also 
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are relevant to another practice factor— 
that of whole versus part learning. The 
earliest studies comparing the learning 
of whole sequences with the learning of 
parts that later were combined into 
wholes seemed to favor wholes, but it 
was not long before other studies pro- 
duced contradictory results. The relative 
advantage depends on the type of ma- 
terial being learned, its complexity, its 
oo organization, and other factors. 
= complex tasks, it sometimes is advan- 
i aoe to practice parts first and then 
Progress to practicing the whole. 

se vi ane: ino! universal rules for the 
quencing and organization of practice. 
n- Principle that appears to be defi- 
wed established is that active partici- 
ters of the learner in the task 
ment ates learning. The earliest experi- 
ini in this area established the ad- 
ages of reciting a lesson before 
fone instead of just rereading it. In 
tone verbal sequences, it is advan- 
tite sh, for the learner to try to anticl- 
Partic} SAnext tem We shall analyze the 
ater ;Pation variable in more detail 
teachin, relation to research on actual 
oe: ng and training techniques. Since 
and a of teaching machines 
fot aoe programs, there has been a 
advant eal of interest in the relative 
Pation LE of overt and covert particr 
is no 'y the learner. Here again there 
Often Sniversal rule, for covert neat 
ime just as effective as overt an 

mes are more efficient. 

is eon to the participation variable 
ay a of learner set. Since the early 
cholo this century, functionalist psy- 
Site has recognized that the — s 
is lin n of the individual can @ a 
aL thought, his performance, an 


his course of learning. Set has several 
implications as it is ordinarily used in 
psychology. It implies the readiness of 
the individual to perform, and it also 
implies directional orientation; that is, 
the individual is set to perform in a 
certain way. Sometimes the term is 
given motivational overtones which add 
nothing to the clarity of the concept. 

The learner’s set facilitates learning 
when it prepares him to respond in the 
appropriate way. It is disadvantageous 
when it is not oriented adequately to- 
ward the learning task. For example, if 
the learner does not understand the task 
or misinterprets the instructions, he may 
be prepared to respond in the wrong 
way. Or if he is oriented toward the 
clock on the wall or toward what he is 
going to do after class, his set is not 
facilitating the learning. Thus we think 
of set as one level of participation. The 
learner may be going through the mo- 
tions of the task—he may be doing 
sums, writing words, or reading his 
lesson—but he is not participating fully 
unless all of his motion systems are 
being used in an integrated manner for 
the most efficient performance. 

Full participation and an efficiently 
integrated performance cannot always 
be assured by simply instructing the 
learner or by motivating him to “do his 
best.” _In complex tasks, especially in 
chine skills, the learner 


complicated mai 
tand the nature of the 


may not unders 
integrated movements he is to perform. 


Sometimes even the teacher or experi- 
menter does not understand initially and 
must use the procedures of task analysis 
and apply other human engineering 
principles to structure efficient perform- 


ance in the learner. 
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Knowledge of Results 


One principle of learning economy 
that is accepted without question is that 
learning is facilitated by knowledge of 
results. The interpretation of the nature 
of this factor is open to some difference 
of opinion, although most writers de- 
scribe it as a motivational factor. 

The interpretation of Woodworth and 
Schlosberg (1954) exemplifies the con- 
ventional treatment of knowledge of 
results while also revealing some of the 
ambiguities of the motivational ap- 
proach. These authors started by sug- 
gesting that sensory feedback from one’s 
own movements provides information 
that serves a directive or corrective 
function. However, they placed more 
emphasis on the incentive value of such 
knowledge of results and described a 
number of experiments where signals 
used to indicate Right or Wrong or 
some other measure of success improved 
performance and learning. Even if a 
disagreeable or punishing signal such as 
shock is used to indicate Right, learning 
proceeds just as efficiently as if a neutral 


signal or simply the word Right is used. 


The knowledge that one is performing 


correctly is assumed to reinforce the 
Tesponse even though punishment ac- 
companies the knowledge. 

In our Opinion, the interpretation of 
such experiments would be less difficult 
(except for a reinforcement theorist! ) 
if one deemphasized the incentive func- 
tion of knowledge of results and em- 
phasized instead the directive and cor- 
rective function of sensory feedback. 
Here again, the usual interpretation of 
a learning variable in relation to simple 
tasks breaks down when it is applied to 
more complicated forms of learning than 


are used ordinarily in laboratory experi- 
ments. In learning complicated machine 
skills, the knowledge of results that is 
needed by a learner is not just a signal 
for Right or Wrong but immediate 
sensory feedback by means of which he 
can judge the effect of his movements. 
We shall consider the relationship be- 
tween sensory feedback and knowledge 
of results in Chapter 8. 


Transfer and Interference 


Some of the most significant problems 
of learning behavior are those related 
to the interaction effects between differ- 
ent learning tasks. Practice on one task 
not only can affect the learning of a new 
task, it also can affect the degree of 
retention of a prior learned task. We 
speak of positive or negative transfer 
when we measure the influence of prior 
learning on new learning. Possibly the 
first formal learning experiment in 
America was a transfer experiment car- 
ried out by William James (1890). 
When we measure the influence of new 
learning on the retention of prior learn- 
ing, the effect is known as reproduction 
facilitation or reproductive interference 
(retroactive interference). We shall con- 
sider some of the problems related to 
transfer and interference in Chapter 16. 


Serial Verbal Learning 


Learning research in the Ebbinghaus 
tradition usually is concerned with the 
learning of a series of discrete verbal 
Tesponses. This type of experiment has 
revealed a special learning phenomenon 
known as the serial position effect, 
which refers to the fact that items in a 
series are not mastered at the same 
speed. Items toward the beginning and 
end of the list are learned first, followed 
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by the middle items. Hull et al. (1940) 
tried to explain this effect in terms of 
excitatory and inhibitory tendencies— 
concepts drawn from Pavlov—but their 
theory of rote learning has had very 
little effect on subsequent learning re- 
search (Irion, 1959). 

In our opinion, the serial learning 
effect is related to the primary spatial 
Organization of behavior. We believe 
that a temporai series of discrete re- 
Sponses is remembered or internalized 
by the learner by being represented in 
Spatial terms. When a serial list of 
nonsense syllables is thought of as a 
Spatial instead of as a temporal pattern, 
one can assume that the syllables at the 
beginning and end stand out more 
sharply because of contour or boundary 
effects, whereas the ones in the middle 
are less sharply differentiated and thus 
are more difficult to learn. This inter- 
Pretation sounds very much like gestalt 
Psychology, but it also is similar to a 
discussion by Woodworth and Schlos- 
berg (1954). These authors suggested 
that the serial position curve could be 
Predicted by assuming that a learner 
does not learn sequences of items, but 
rather learns each item according to its 
Position in the whole pattern. 


Perceptual-Motor Skills 

Research on motor skill learning 
often deals with behavior similar to or 
identical with the skills used in human 
Work, education, and recreation. The 
Ploneering work of Bryan and Harter 
(1899) was on the learning of teleg- 
raphy, and other studies have been 
made of typewriting, digit-symbol sub- 
“tution, simple industrial skills, and 
Such athletic skills as ball tossing, dart 
t Towing, and archery. During and since 


World War II, the applied study of 
motor skills has expanded enormously 
to include many kinds of machine oper- 
ations. 

The period from the late 1920s to the 
early 1940s might be called the pursuit- 
rotor era of the study of motor skill. A 
target-following task could be made 
from a phonograph turntable, as shown 
in Figure 2.8a. The subject tried to 
maintain contact with a target on the 
rotating disk while his total contact time 
was recorded. In time, the pursuit rotor 
was elaborated to provide a bimanual 
tracking task, as shown in Figure 2.8), 
and all of the learning functions that 
had been studied with the one-handed 


Figure 2.8. The pursuit rotor used to study 
perceptual-motor skill learning. a. One-handed 
pursuit rotor. b. Bimanual pursuit rotor. 
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pursuit rotor could be repeated with the 
two-handed apparatus. 

Research on motor skills has had little 
or no impact on the theoretical formu- 
lations of learning psychologists, but it 
has pointed up weaknesses in conven- 
tional theory by calling attention to the 
effects of behavior organization on the 
course of learning. Bryan and Harter’s 
original learning curves were charac- 
terized by a plateau, a temporary lag in 
improvement which was followed by a 
spurt in improvement. Although some 
later workers failed to find plateaus, 
these effects have occurred often enough 
in learning experiments to be accepted 
as valid. Bryan and Harter suggested 
that the plateau occurred when the 
learner was making a transition to a 
higher order of habits. Others have in- 
terpreted the effect as motivational. 
Davis’s (1935) observation that plateaus 
occur more frequently in complex skills 
than in simple tasks lends support to the 
idea that a shift in movement organiza- 
tion or integration may permit the 
learner to go on to a higher level of 
performance efficiency, At any rate, 
most motor skills cannot be character- 
ized as temporal sequences of discrete 
responses; rather they are multidimen- 
sional behavior patterns which are not 
well conceptualized by conventional 
learning models. 

Prior to World War Il, few psycholo- 
gists had studied the basic organization 
and regulation of perceptual-motor be- 
havior, and most studies of skills were 
designed to analyze the effects of con- 
ventional learning variables. The inade- 
quacies of this approach quickly became 
apparent when psychologists were called 
upon to design trainers and trainin 
programs for the complicated man. 


machine skills needed in military opera- 
tions. Faced with human engineering 
problems beyond the scope of their 
tradition, these workers developed new 
concepts and methods of analysis. How- 
ever, conventional learning theory was 
abandoned by only a few and survives 
in military research programs as well 
as in academic laboratories. A statement 
made by Nissen (1954) many years 
after the war, which would have been 
appropriate any time during the present 
century, testifies to the reluctance of 
learning psychology to shift its grounds. 
Said Nissen, “before investing all our 
time and effort in problems of learning 
or behavior modification, we should 
determine carefully what the behavior 
is before it is modified.” 


COGNITIVE LEARNING 
Psychology has made little headway 


in analyzing the kind of learning be- 
havior that is most distinctively human 
—that known as cognitive behavior and 
thought. Here even more than in other 
areas of learning research we are deal- 
ing with processes that are hidden from 
view, the nature of which is undeter- 
mined. At one time there was consider- 
able interest in devising experimental 
tests of the motor theory of thinking, to 
determine whether thinking does in fact 
consist of minimal muscular responses. 
Jacobsen’s (1932) recordings of elec- 
trical activity in the appropriate muscles 
of subjects who were thinking about 
specific activities and Max’s (1935, 
1937) recordings showing that deaf- 
mutes who use their hands for “speak- 
ing” also use them implicitly during 
thinking far more than hearing subjects 
—these studies and others demonstrated 
that implicit responses are correlated 
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with thinking at least part of the time, 
and there the matter rests. 

Although Mach (1905) established 
the objective point of view about cogni- 
tion and described thought as an experi- 
ment, the first objective studies of the 
thought processes can be compared to 
Thorndike’s first attempts to analyze 
animal learning—as studies in problem 
Solving. As a matter of fact, the term 
trial and error had been used by Bain 
(1879) to describe creative or inventive 
thinking many years before it was ap- 
Plied to animal behavior. 


Problem Solving 

Experiments on cognitive problem 
Solving have been designed to analyze 
oa of behavior in reasoning; 
ty ie er and blocking between different 
diffe ve Problems, habits and individual 
and rences in thinking, and the motives 
ine of thinking. In Ruger's 
Mech early study, subjects were given 
sol ene puzzles and asked to try to 

Ye them without overt manipulation. 
a “i found this very difficult, and even 

“ they thought they had discovered 
Come principle, they often en- 
ted difficulties in trying to carry 
Senate Their implicit trial and error 
rom Y needed checking and support 
ion, Overt trial and error, or manipula- 


Bt elite of exploratory trials has 
Pn tet more abstract or symbolic 
Subject j situations as well. Often the 

ich 1s unaware of the processes by 
Cannot solution is obtained or at an 
Action explain verbally his course ; 
jects 1, Heidbreder (1924) asked su> 
i '0 discover general rules for mark- 
8eometrical figures. When com 
Y at a loss, they would resort to 


Pletg| 


seemingly random responses and some- 
how arrive at the solutions. Gestalt psy- 
chologists tend to deplore the use of 
trial and error as blind, inefficient be- 
havior, but even Wertheimer (1945), 
the founder of the gestalt school, de- 
scribed such exploratory procedures as 
examining parts of the whole, shifting 
the point of view, and investigating 
false leads. All analyses of problem 
solving indicate the importance of a 
flexible approach (Luchins, 1942) and 
an open mind to novel solutions, which 
may entail a novel use for familiar ob- 
ects and materials (Adamson, 1952; 
Maier, 1931). 

The problem-solving experiment has 
been extended by social psychologists to 
explore the effects of group factors and 
social pressure on thinking and decision 
making. Some of these studies have de- 
veloped special communicative proce- 
dures to restrict the flow of information 
among members of a group in order to 
simulate organizational channels of 
communication and their effects on de- 
cisions. 

Another important development is the 
use of electronic computers to study the 
rational manipulations performed by 
ymbolic systems. Various as- 


man with s es 
decision mak- 


pects of human thinking, 
ing, and problem solving are explored 
by. simulating the symbolic processes 
involved with computer programs. 


Developmental Analysis of Thought 

There has been a great deal of interest 
ghout the history of comparative 
y in determining the extent 
mals use symbolic behavior 
d to think. This area is 


throu 

psycholog ; 
to which ant 
or can be sai 
interesting and 
right but throw: 


important in its own 
s little light on the or- 
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ganization of human cognitive processes 
because of the vast gap that lies between 
the cognitive abilities of man and those 
of his closest primate relatives. Sym- 
bolism apparently originates phyloge- 
netically in such behaviors as postural 
sets and orienting responses, and sub- 
human animals seem unable to “escape” 
from their immediate spatial environ- 
ment by the use of symbolism. 

Studies of the ontogenetic develop- 
ment of thought provide far more in- 
sight than does animal research into the 
nature of symbolic and cognitive be- 
havior. This type of study originated 
with the work of Piaget (1928) , who was 
interested in tracing the development of 
human thought processes during the 
early years of life. Using observational 
methods, Piaget described the emer- 
gence of successive stages or levels of 
thought proceeding from ego-centered 
thinking in the young child to the 
logical thinking and formal patterns of 
thought in mature individuals. Piaget 
(1957) has described the development 
in very young children of such concepts 
as the reality of objects, space, causality, 
and velocity. He found that infants have 
a certain built-in knowledge of spatial 
relationships centered on their own 
bodies and only gradually respond to 
other objects as having 
existence. 

According to Vinacke (1951). who 
observed the appearance of different 
types of thought concepts in children, 
development of thinking follows the 
general course pictured in Figure 2.9. 
He observed that concrete concepts of 
form develop before the age of four, 
those of magnitude and time, 
later, and those of cause and 


independent 


somewhat 


effect and 
interaction typically between the ages 
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ace 


Figure 2.9, The development of concepts in 
children according to Vinacke (1951). (Based 
on Smith and Smith. The behavior of man: 


introduction to psychology. New York: Holt, 
Rinehart and Winston, 1958.) 


of nine and twelve. Both Vinacke’s and 
Piaget’s work emphasizes the contribu- 
tion of maturational processes to the 
organization of cognitive behavior. 

Studies (Chard and Schwartz, 1947; 
Heidbreder, 1946) of concept formation 
in adults have revealed that the develop- 
ment of concepts in experimental situa- 
tions is similar in some respects to the 
ontogenetic process outlined by Vinacke. 
When subjects are required to abstract 
the common characteristic of varying 
patterns, object concepts are evolved 
first, spatial concepts next, and numer- 
ical concepts last. 

One of our interests in analyzing the 
evolutionary development of learning 
behavior in prehistoric and ancient man 
is in searching for clues that reveal the 
gradual development of various levels of 
human thought. There are reasons to 
believe that prehistoric man thought in 
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spatial terms and had only the dimmest 
awareness of historical time and tem- 
poral causality. Only with the develop- 
ment of written language did he gain 
adequate tools to handle temporal events 
and relationships. 


LEARNING PSYCHOLOGY 
AND EDUCATION 


In the century since Helmholtz fo- 
cused the attention of the infant science 
of psychology on learning as a principle 
of behavior organization, there have 
been many thousands of learning experi- 
ments and theoretical discussions of the 
learning process published in the psy- 
chological literature. Yet all of this 
interest and activity on the part of 
Psychologists has produced singularly 
little that is relevant to the applied 
problems of human education and train- 
ing. Less than a decade ago, Bugelski 
(1956) observed in a masterpiece of 
understatement, “Learning psychologists 
have not been very active in applying 
their theoretical principles to practical 
Problems.” Even when a sustained effort 
Was made to analyze the implications of 
learning research and learning theory 
for education, the results were disap- 
pointing. In a book published during 
the 1950s, Thorpe and Schmuller 
(1954) analyzed nine theoretical ap- 
Proaches to learning and tried to derive 
the implications of each for education. 
In the end, in Bugelski’s (1956) words, 
they “managed to salvage or discover in 
current learning theory” the following 
five Practical principles of learning: 


. I, “Learning proceeds most effec- 
t 

Wely and tends to be most permanent 
when the learner is motivated, that is, 


when he has a stake, as it were, in the 
activity being undertaken.” 

2. “. .. learning proceeds most rap- 
idly and tends to be most permanent 
when the activity involved is geared to 
the learner’s physical and _ intellectual 
ability to perform that activity.” 

3. “Learning proceeds most effec- 
tively and tends to be most permanent 
when the learner is provided with the 
opportunity of perceiving meaningful 
relationships among the elements of the 
goal toward which he is working.” 

4. “Learning goes forward with rela- 
tively greater effectiveness when the 
learner is provided with some criterion 
for indicating specifically what progress 
he is making.” 

5. “Learning is facilitated when it 
goes forward under conditions in which 
the learner also experiences satisfac- 
tory personality adjustment and social 


growth.” 


There are two things to be noted 
about this list of principles. The first is 
only too obvious, that they are of little 
immediate practical value to the teacher 
or educator in designing classroom pro- 
cedures and techniques. The second is 
that these so-called principles of learn- 
ing, except for one or possibly two, are 
concerned not with the learning process 
as studied by conventional learning psy- 
chologists but with other aspects of 
behavior organization. The first prin- 
ciple acknowledges the necessity of moti- 
vation. It might be construed to mean 
that learning requires reinforcement, 
but it does not say so specifically. The 
second principle recognizes that what- 
ever learning occurs can only be super- 
imposed, as it were, on the individual’s 
normal developmental patterns of be- 
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havior. The third and fifth principles 
state the importance of organized pat- 
terns of perceptual-motor and symbolic 
behavior in the operational and social 
environments. Only gestalt psychology 
has stressed such organizational patterns 
as determinants of learning. The fourth 
can be said to deal with learning as 
studied by conventional learning psy- 
chologists. As the principle of knowl- 
edge of results, it has been known by 
both psychologists and educators for 
many years. 

Since these principles were formu- 
lated, there has been a flurry of inter- 
disciplinary activity involving academic 
psychologists in the applied problems of 
education. In the first major foray of 
learning psychology into the educa- 
tional arena, a group of reinforcement 
theorists of Skinnerian persuasion intro- 
duced the teaching machine and_pro- 
gramed learning into American class- 
rooms. This was a little bit like carrying 
coals to Newcastle, inasmuch as the first 
automated teaching devices had been 
devised and tested some years before by 
an educational psychologist, Pressey 
(1926, 1927, 1932), but was heralded 
widely as a significant contribution of 
basic learning science to the applied 
learning field. 

The final effects of the programed 
learning movement cannot yet be as- 
sessed, but it appears that enough oppo- 
sition to the Skinnerian approach has 
been aroused to stimulate a counter- 
movement among both psychologists 
and educators. A number of psycholo- 
gists who find Skinner’s (1953, 1961b) 
point of view about the learning process 
inadequate are emphasizing the rein- 
forcing power of exploratory activity 
which serves the functions of conveying 


information or simply of diverting the 
organism or individual. Berlyne (1960) 
has developed ideas such as these at 
great length. It seems clear that the 
concept of external reinforcement will 
have to be revised to make allowance 
for the many perceptual and intellectual 
activities that appear to be intrinsically 
motivated. Among educators, opposition 
to the rigid, authoritarian regime im- 
posed by teaching programs is stimulat- 
ing investigations into alternate tech- 
niques that will encourage inquiry and 
self-discovery among students rather 
than passive acceptance of a pro- 
gramer’s statements (Kersh, 1962; Such- 
man, 1961). 

The surprising thing about the Skin- 
nerian approach to automated learning 
is not that it has suffered major set- 
backs but that it enjoyed widespread 
approval and apparent success for as 
long as it did. Skinner’s principles about 
reinforcement-regulated learning were 
derived from a very limited type of 
research on rats and pigeons. He him- 
self made no effort to adjust his theory 
to fit other types of learning data, for 
example, from maze learning or dis- 
crimination learning research, but ig- 
nored inconsistencies and contradictions 
that have troubled other theorists such 
as Thorndike and Hull. Yet he showed 
no hesitancy in trying to apply his 
operant conditioning concepts to the 
whole complicated area of human edu- 
cation. Even Lloyd Morgan could not 
have anticipated such parsimony ! 

The disturbing thing about all S-R 
learning theories is that each fits some 
kinds of learning data but not all kinds. 
The only theorist who made a sustained 
effort to encompass all kinds of experi- 
mental data into one systematic theory 
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was Hull, and he bogged down in trivi- 
alities. In our opinion, we never will 
have more than a superficial under- 
standing of learning until we shift the 
emphasis of learning research to the 
design of the behaving system. 


SUMMARY 


1. Modern learning theory of be- 
havior organization originated with 
Helmholtz’s empirical theory of percep- 
tion. This attempt to account for the 
flexibility of behavior established learn- 
ing as the central area of psychological 
research. 
2. Ebbinghaus launched the experi- 
mental study of learning by conceiving 
of the idea of using nonsense syllables 
mM some of his studies of the many 
Phenomena of serial learning and re- 
tention. His methods still are used in 
Studies of rote learning. 
3. Thorndike’s research on trial-and- 
Stror learning introduced the concept of 
reinforcement into learning theory in 
the form of the law of effect. 
4. Small used mazes to study rat be- 
avior because they suggested the rat’s 
natural habitat, Maze studies emphasize 
the Spatial organization of behavior and 
call attention to exploratory behavior 
With or without specific rewards. Tol- 
man’s Cognitive theory is based _ prin- 
“pally on Jearning data from maze 
Studies, = 
5. Animal discrimination 
Show that animals often respond on the 

asis of relational factors rather than 
&ccording to absolute stimulus dimen- 
seh, Lashley’s neural studies also indi- 
fated that learning does not involve 
“Pecific neural connections, for if limited 
“Pecific pathways or areas in the cortex 


studies 


are destroyed, other areas take over 
their functions. 

6. Paylov’s studies of conditioned 
responses in dogs represented the begin- 
nings of systematic objective S-R theory 
of learning. Later studies showed that 
somatic conditioning in human subjects 
is not comparable to that demonstrated 
by Pavlov in dogs, but the conditioning 
model still is used by some psychologists 
to describe human learning. Hull com- 
bined conditioning and reinforcement 
concepts in his drive-reduction theory of 
learning. 

7. The concept of reinforcement as a 
basic determinant of learning is indi- 
cated both by Thorndike’s law of effect 
and Hull’s drive-reduction theory, but 
was emphasized more explicitly by Skin- 
ner’s studies of operant conditioning. 
The instrumental learning situation in 
which responses produce specific rein- 
forcements has been widely used to 
analyze the effects of different schedules 
of reinforcements and other variables on 
rate of response, rate of learning, and 
rate of extinction. The results have been 
extended to interpretations of all human 
learning, and serve as a theoretical basis 
for automated teaching-machine instruc- 
tion. 

8. General S-R theories of learning 
can be classified roughly as contiguity- 
alone. reinforcement-alone, and two- 
factor theories. Only the cognitive 


theorists emphasize spatial organization 


of behavior. , 
9, Guthrie is the main exponent of 


contiguity theory. He assumed that 
learning occurs automatically when 
stimuli and movements occur simulta- 
neously, and that the association attains 
its full strength on first occurrence. 

10. The theoretical postulate that re- 
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inforcement is necessary for learning is 
very difficult to test experimentally be- 
cause reinforcement theorists always 
can find some effect that they assume 
is reinforcing. For example, reduction 
in intensity of stimuli, exploration, curi- 
osity, and so forth, are said to be 
reinforcing. 

ll. Mowrer’s revised two-factor 
theory assumes that all learning is sign 
learning that occurs by contiguous con- 
ditioning but that there are two kinds 
of reinforcement—drive decrement and 
drive increment. In this theory, effects 
are mediated by negative or positive 
affective states—fear and hope. 

12. Cognitive theory emphasizes the 
dynamic quality of behavior and thus 
offers a way out of the homeostatic 
concepts that are used by S-R theorists. 
Gestalt theorists and Tolman postulated 
that learning occurs as a result of per- 
ceptual and cognitive understanding of 
significant relationships in the behavior 
field. However, their concepts were not 
stated in objective terms. 

13. Dimensional analyses of learning 
have in general ignored general theory 
to concentrate on analyzing the effects 
of many different variabl 


es on learning 
and memory. 


14. Principles of learning economy, 
including short practice sessions as op- 
posed to massed practice and whole over 
part learning, are valid in some situa- 
tions but do not always hold, especially 
in complex tasks. 

15. Active Participation by the learner, 


including an advantageous learning set, 
facilitates learning. 


16. Knowled 
universally as 
It is usually 


ge of results js accepted 
a positive aid in learning. 
Interpreted as a motiva- 


tional factor but is a more generally 
valid principle if it is understood as 
directive and corrective feedback. 

17. Transfer and interference effects 
indicate interactions between different 
learning tasks. 

18. The serial position effect has been 
interpreted by Hull et al. as a function 
of excitatory and inhibitory tenden- 
cies set up between units in a series. 
The differential rates at which serial 
units are learned also can be interpreted 
as due to their relative positions in a 
total pattern. Those units near the outer 
boundaries are learned first. 

19. Studies of perceptual-motor skills 
have called attention to the multidimen- 
sional nature of patterned behavior and 
the dependence of behavior control on 
maturational development. In World 
War II, training research focused inter- 
est on design factors in behavior organi- 
zation. 

20. Objective studies of cognitive 
problem solving emphasize the value 
of exploratory trials and a flexible ap- 
proach. 

21. Children develop concepts of form 
first, then magnitude, time, cause and 
effect, and interaction. Experimental 
concept formation in adults follows 
roughly the same course, and there are 
indications that a similar developmental 
course occurred in human evolution. 

22. Learning theorists offered little to 
the applied fields of education until 
kinner promoted teaching machines as 
an educational application of basic re- 


inforcement theory. Considerable op- 
Position to Skinneri 


developed 
educators. 


an principles has 


among psychologists and 
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Evolution of Human Learning: 
Nonverbal Communication 


In the previous chapter, we indicated 
how each of the methods used to study 
learning has produced a different kind 
of learning data. Each method, in effect, 
has structured a specialized kind of 
learning which can be related to the other 
Kinds in only the most general terms. In 
contrast to this diversity in learning 
data, however, we see sustained efforts 
on the part of most learning theorists to 
reduce all learning to a single systematic 
model, Although these efforts have oc- 
Cupied some of the most analytic minds 
psychology throughout the present 
century, there has been no apparent 
Progress toward unification of the di- 
vergent views. 

We do not venture to predict whether 
or not learning theory ever will achieve 
its Holy Grail, but we do feel, in com- 
mon with a number of other behavior 
Scientists, that the search has led a large 
segment of psychology into a kind of 
never-never land of precisely defined 
Variables that never seem to occur in 
Pure form outside the laboratory. 

Meanwhile we are inclined to accept 
the evidence from learning research at 


face value as indicating that there are 
different kinds of learning, at least in 
the operational sense, and that they are 
structured by the learning situation. It 
follows that we understand very little 
about meaningful human learning from 
analyzing animal research, inasmuch as 
human situations incorporate significant 
features that play little or no role in 
animal learning. The two most signifi- 
cant features of human learning are 
these: that it involves skill in the use of 
tools, instruments, and machines for 
environmental control, and that it in- 
volves facility in symbolic forms of 
behavior that evolved originally for 


communicative purposes. 


EVOLUTION 
OF SYMBOLIC CONTROL 


The differences between animal and 
human behavior organization and learn- 
ing are due to changes that have been 
occurring progressively during the past 
half million or so years. Although the 
significant stages are not subject to 
experimental investigation, there is a 
growing body of evidence from anthropo- 
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logical and archaeological analyses that 
supports us in some definite psycho- 
logical conclusions. We look upon the 
individual learner as a control system 
and interpret the progressive changes in 
human learning as an elaboration of 
man’s abilities to exercise symbolic con- 
trol over himself and over other people 
and environmental events. The changes 
in nonverbal and verbal communication 
during the course of man’s existence 
Tepresent systematic expansion of sym- 
bolic control of different aspects of the 
physical and social environment. In de- 
veloping and refining expressive move- 
ments, expressive vocalization, spoken 
language, writing, economic and quanti- 
tative communication, machine commu- 
nication, and electronic communication, 
man has achieved specialized forms of 
control over different levels of organiza- 
tion of his man-made environment. 


Concepts of Behavior Organization 


Our analysis of the forms and levels 
of learned symbolic control is based on 
a number of postulates about behavior 
organization. Ours is essentially a motor 
theory of behavior: we believe that all 
psychological phenomena, 
ception and thought 
stimulus-response cir 
cal position thus 


including per- 
> involve complete 
cuits. Our theoreti- 
can he classed as 
stimulus-response psychology, but we 
make the further assumption that the 
basic principle of behavior organization 
is a feedback principle. We assume that 
behavior involves continuous feedback 
Processes by means of which the indi- 
vidual maintains control of his move- 
ments in relation to the environment. 
A functioning organism always is be- 
having—that is, it always is responding 
and thereby is stimulating itself by 


means of feedback. Even during periods 
such as sleep, when exteroceptive re- 
sponsiveness is at a low level, postural 
positions are maintained by feedback 
loops involving kinesthetic and tactual 
receptors. During active states, behavior 
is organized to a greater extent by feed- 
back from the distance receptors, par- 
ticularly visual feedback. As we have 
said earlier, one of the basic functions 
of the movement systems is to keep the 
receptors sensitive by continuously 
changing their pattern of stimulation. A 
general implication of the feedback 
principle of behavior organization is 
that specific external changes in the 
stimulation pattern or discrete external 
stimuli should not be thought of as 
initiating responses but simply as modi- 
fying the nature, directional character- 
istics, or other organizational features 
of the continuous behavior-in-progress 
that is being maintained by sensory 
feedback. 

An important feature of our general 
theory of behavior organization is that 
responses are multidimensional. They 
consist of several different kinds of 
movement components which are con- 
trolled differentially even though they 
also are integrated in normal behavior 
patterning. There are postural move- 
ments that Support and position the 
body in space; transport movements that 
propel the body, limbs, or extremities 
from one point in space to another (or, 
in the case of the speech musculature, 
propel the syllable pulses) ; and manipu- 
lative or articulative movements by 
means of which the hands, feet, eyes, 
and speech apparatus make the fine ad- 
justments that are superimposed upon 
the larger postural and transport move- 
ments. 


It is impossible to understand oF 
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analyze the organization of highly com- 
plicated human skills, including sym- 
bolic skills, except in the context of 
multidimensionality. Human_behavior 
has changed most significantly in its 
manipulative or articulative components, 
but these finer skilled movements cannot 
be performed except as they are sup- 
ported by the larger movement com- 
ponents which maintain orientation and 
attention and establish the over-all re- 
sponse pattern within which the skill is 
executed. We believe this to be no less 
true of the implicit responses known as 
thinking than of overt psychomotor 
skills. 

Basic to our entire theory is the as- 
sumption that behavior is primarily 
Space-organized—that responses are 
Structured according to spatial patterns 
of stimulation. By means of his con- 
tinuous feedback information, the indi- 
vidual adjusts his movements to conform 
to spatial patterns. The significance of 
this concept with respect to learning 
theory is that we reject the idea of 
Sequentially linked _ stimulus-response 
chains—that is, of time-coded behavior 
—that is postulated or implied by con- 
ventional stimulus-response theories. To 
be sure, responses follow each other in 
time, but we believe that a temporal 
pattern is mediated in all cases by move- 
ment-produced changes in the spatial 
patterning of stimulation on the sensory 
surfaces. That is, we do not believe that 
one response in a learned habit auto- 
matically triggers the next but that at 
each moment the individual reacts to the 
stimulus patterns as they have been de- 
fined by his own previous responses to 
the environment. 

It always has been difficult to con- 
ceptualize the learning of a complicated 
response pattern in terms of conven- 


tional notions of response sequences 
linked in time. One problem is that there 
are different kinds of responses going 
on simultaneously in a multidimensional 
motion pattern. Another problem is that 
a so-called learned response may con- 
sist of quite different movements at 
different times. (As an example. con- 
sider the rat that can walk, run, swim, 
or limp to the goal box in a maze.) Our 
theory of space-organized behavior as- 
sumes that the individual’s highly re- 
fined abilities to adjust his movements 
to environmental patterns develop inde- 
pendently of specific learning. Through 
the processes of maturation, he acquires 
feedback-control mechanisms by means 
of which he can make integrated pos- 
tural, transport, and manipulative ad- 
justments to spatial features of the 
environment. As a result of practice and 
learning. these species-defined abilities 
are refined and modified by directional 
orientation habits and by tendencies 
to make specific responses to specific en- 
vironmental events, but the underlying 
organization of behavior continues to be 
spatial and characterized by feedback 
control. 

We shall consider these 
greater length and in relation to specific 
research findings in several chapters to- 
ward the end of the book. Meanwhile, 
what are their general implications for a 
theory of developing symbolic control in 
the human species? The main point we 
are trying to make is this: that man is 
basically a spatially organized control 
system, as are lower animals, and that 
his cognitive understanding of time, of 
history, and of scientific causation is an 


ideas at 


artificial achievement that he has ac- 
complished through the use of symbol 
systems. Man did not gain a real under- 
standing of time and an ability to con- 
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trol events in time until he transformed 
temporal sequences by means of symbols 
into spatial patterns that possessed be- 
havioral reality. 

The symbolic skills that have extended 
and elaborated human control of the en- 
vironment developed gradually in rela- 
tion to progressive changes in tool-using 
behavior and correlated changes in so- 
cial organizations and institutions. Hu- 
man abilities have been extended in part 
by evolutionary changes in genetic 
make-up, in part by the accumulation of 
human technology, symbolic knowledge, 
and social institutions that structure the 
learning of each new generation. 

It is fruitless to speculate on the ge- 
netic capabilities of human children di- 
vorced from their cultural heritage, for 
genetic and environmental factors inter- 
act in determining the course of devel- 
opment. However, it is important to 
realize that a maturing child manifests 
some of the same changes in behavior 
organization that must have occurred in 
the history of the species. From making 
only direct responses to the en 
ment, the child shifts more 
symbolic responses. 
orientative control, 


viron- 
and more to 
From patterns of 
he shifts toward 
manipulative control and then more and 
more to symbolic control. In time he es- 
capes from the immedi 
terns of his environme 
ness of time sequences 
abstract interrelationshi 
these human skills, 


extend his control from the people, ob- 
Jects, and events in his immediate sen- 
SOry environment to control of people, 


events, t locations 


ate spatial pat- 
nt to an aware- 
> Causation, and 
ps. In mastering 
he is learning to 


responses 
If-control, 


thus becoming not only a cognitive but 
a moral creature. 


Coordinate Development 
of Human Systems 

Some of the main stages in the de- 
velopment of human social, technologi- 
cal, and symbol systems are suggested in 
Table 3.1. Seven main stages of sym- 
bolic communication or symbolic control 
are differentiated, including expressive 
movements, expressive vocalization. oral 
language and graphic design, written 
language. numerical and economic 
(money) communication, printing and 
machine communication, and remote 
electronic communication and computer 
language. We assume that each of these 
forms of communication has had_ its 
origins within a distinctive pattern of 
feedback control of the human environ- 
ment in which tools and communication 
have been brought together to integrate 
social behavior and the man-made social 
system. 

Each type of symbolic communication 
that has developed represents an exten- 
sion of the individual’s ability to influ- 
ence and regulate his own actions. the 
behavior of others, and the course of 
environmental events. Expressive move- 
ments and vocalizations represent an 
advance over direct pushing, pulling, 
striking, manipulating, or otherwise act- 
ing on the environment inasmuch as 
visual and auditory communicative pat- 
terns exert control at a distance beyond 
the tange of direct action, In living pri- 
mates, such expressive activities are used 
in conjunction with basic emotional or 
motivational states such as aggression 
or sexual activity, but when early man 
became a tool user, he refined his move- 
ments and vocalizations to convey more 
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TABLE 3.1. 


Communication 


Social Design 


COORDINATE STAGES IN BIOSOCIAL EVOLUTION 


Technology Symbolic Control 


Functions 


Patterns 
Expressive movements Natural 
(Homo erectus) environment 


(1,000,000 years ago) 


Eoliths; stick and Familial grouping; 


hone tools training of young 


Expressive vocalization Cave environment 
(Homo erectus) 


(250,000 years ago) 


Hand ax; flake Tribal kin grouping; 


tools hunting; training in 


tool making 


Speech; graphic design Temporary and 
(Homo sapiens) 


(100,000 years ago) 


permanent caves 


and villages 


Handicraft tools; Tribal councils; 


body cover; food magic; training rituals; 
processing time and space 


marking 


Written language Temple system; 


(4000 nc.) regional village and 


city systems 


Simple engines; Time and history 


metal tools; stone concepts; 
structures administrative gov't; 


work supervision; law 


Numerical and Mercantile towns 


economic and cities 
Communication 


(2000 B.C.) 


Ships; land Literature; concepts of 
carriers; metal; historical causation; 


glass; cloth; wages; money 


diversified bldg standards; accounts; 


recording contracts; 


professions 
Printing and machine Mercantile and Factories; Standardization of 
Communication industrial cities compound money; popular 
(1500 a.p.) machines; powered _ gov’ts; formal 
carriers education 
Electronic Industrial systems Universal Remote communication 
communication: machines; and control; 


Computer language 


electronic control ; integration of verbal, 


automatic control numerical, and 


nonverbal control 


ae 


Precise information about processes of 
Work and systems of social organization. 
Thus he extended his possibilities of 
“Ontrol from his own activities and the 
jects and events he could respond to 

'Tectly to the activities of others in his 


social grouping. As tool-using behaviors 
became more elaborate, communicative 
patterns also became more complex, 
more refined, and more abstract. These 
changes in behavior organization in the 
individual accompanied basic changes 
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in the social and work structure of hu- 
man society. One cannot say that one 
type of change caused the other, for 
technological, communicative, and social 
design have influenced each other re- 
ciprocally as man has extended his 
sphere of control and thus the range of 
his learning ability. 

In Table 3.1, we indicate successive 
stages in social design and technological 
organization in relation to developing 
modes of symbolic communication and 
their functions in environmental and 
social control. The general course of 
technological and social change is well 
documented, and the indicated interre- 
lationships in the historical period can 
be established. The correlations that we 
have indicated between technological- 
cultural and behavioral development in 
prehistory represent our own interpreta- 
tion of how man evolved in these inter- 
related processes. 

As the table indicates, we believe that 
expressive movements evolved in the 
natural environment in conjunction with 
the use of eolithic tools. Expressive yo- 
calizations must have been used for 
some hundreds of thousands of years be- 
fore refined articulative movements of 
the speech mechanism and associated re- 
fined manipulative movements of the 
hands established a systematic oral lan- 
guage with organized symbolic mean- 
ings. Oral language is judged to be as- 
sociated with the emergence of Homo 
Sapiens and with the formation of the 
first organized tribal 


groups living in 
villages, 


either on temporary or = per- 
manent sites. Writing first appeared in 


the urban temple systems of society 
about 6000 years ago. Economic and 
numerical 


communication, 


which we 
consider distinctive nonver 


bal forms, 


arose in ancient mercantile cities about 
4000 years ago. Printing and machine 
communication date from the fifteenth 
and sixteenth centuries and electronic 
and computer communication from the 
first half of the twentieth century. The 
next step is molecular control of elec- 
tronic communication and 
transmission of information. 


interstellar 


Different patterns of communication 
emerged in conjunction with distinct 
types of tools and technologies which 
were used to devise and control particu- 
lar environmental and social organiza- 
tions. For example, we believe that the 
development of oral languages was as- 
sociated with use of handicraft tools and 
graphic forms of communication, and 
that written language was made possible 
by metal tools used in pottery and stone 
industries. 

The level and sphere of symbolic con- 
trol exercised by man at different stages 
of his development are related directly 
to the patterns of communication in use 
at the time. Expressive movements and 
vocalization were used by early man to 
maintain social contact in the natural en- 
vironment and in cave living. Oral 
speech functioned as a tribal device in 
hunting, in educating the young, and in 
magic and burial rituals. The first func- 
tions of graphic design and of writing 
were to mark events and objects in space 
and in time. Using their accumulated 
visual symbolic records in this way, the 
Sumerians and Egyptians created space- 
ordered concepts of history which grad- 
ually gave way in subsequent systems to 
concepts of time and of temporal causa- 
tion. Numerical and economic com- 
munication standardized values of ob- 
jects and work in ancient city-states and 
led eventually to economic concepts of 
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LEVEL OF 
SYMBOLIC CONTROL 


Villege Temple 


Notural 
Environment 


3. 


Cove 


1 


1,000,000 100,000 10,000 


Mercentile City 
Pewee =) 


Industrial 


1,000 


YEARS BEFORE PRESENT 


Figure 3.1. The course 
munication have developed at di 


then have followed their own developmental 
on are integrated to achieve 


lemanded by that particular developmental stage. 


forms of symbolic communicati 
environmental control that is d 


Social control in seventeenth- and eight- 
centh-century Europe. Such concepts 
Probably were prevalent in ancient 
Phoenicia as well, but never were writ- 
ten down by the Phoenicians. Machine 
Communication established uniformity 
. symbolic control in all avenues of life 
and provided the means of disseminat- 
Mg scientific and social-political con- 
“epts. Modern electronic and computer 
Communication not only makes possible 
igh-speed numerical processing but also 
Provides the means of integrating nu- 
Merical, verbal, and nonverbal symbolic 
“ontrol of all aspects and levels of the 
Numan social system. 
fare speak of the gradual but con- 
us development of man as 2 control 
“ystem as a process of biosocial evolu- 


of biosocial evolution. Different forms of symbolic com- 
flerent stages in man’s evolutionary progress and 


course. At any given time, all available 
the level and sphere of 


tion. for it has been defined by both bio- 
logical and accumulating social changes. 
The over-all pattern of this evolutionary 
progression is suggested in graphic 
form in Figure 3.1, where the gradual 
evolution of symbolic control is plotted 
as a function of time. On the main curve 
of human social progress, represented by 
the heavy black line, appear the different 
levels of village. temple. urban, and in- 
dustrial organization. The dotted lines 
emerging at different levels and follow- 
ing their own evolutionary course repre- 
sent the distinctive forms of symbolic 
control generated at different levels of 
biosocial organization. We believe that 
the selective evolutionary factors that 
defined progressive changes in expres- 
sive movements, language, writing. and 
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the more advanced forms of symboliza- 
tion were related in all cases to features 
of technological and social design. That 
is, patterns of communication have 
changed with the changing demands of 
symbolic control of different levels of 
human organization. 

The composite curve in the figure 
implies that the evolution of symbolic 
control and communication is continu- 
ous but that new patterns appear which 
reflect human organization at the par- 
ticular time. Once a new level of sym- 
bolic control is generated, it continues 
to develop and change at a rate depend- 
ent upon the level of environmental or- 
ganization with which it is associated. 
Thus we believe that expressive move- 
ments and oral speech are relatively 
more resistant to change than written 
language and economic communication. 

At any given time, all forms of sym- 
bolic communication that have evolved 
are integrated to achieve systematic con- 
trol over the functions of work, 
tion, and other human systems. As a 
result of this functional integration, 
newer forms of communication tend to 
influence the development of older 
forms. Thus writing has altered the pat- 
terns of oral speech, and machine com- 
munication encompassed and_ altered 
patterns of both writing and speech, 


educa- 


Learning as a Function 
of Human Organization 


It often is noted that because of tech- 
nological and scientific progress, the 
human student in school has ever more 
to learn. In our opinion, succeeding 
erations of students not only have 
to learn but also must learn in di 
ways. That is, they must achieve 
ent types of feedback transformat 


gen- 
more 
ferent 
differ- 


ion at 


different stages of human progress in 
order to establish patterns of control 
that are currently meaningful and useful. 

In our present state of knowledge, We 
have very little objective information 
about how direct reactions to the en- 
vironment are transformed to indirect 
symbolic and abstract reactions which 
then can be internalized to short-cut and 
extend the learning process. Our opinion 
is that transformations involve 
shifts in feedback-control patterns from 
those that are structured directly by the 
natural environment to symbolic pat- 
terns that represent natural objects and 
events. We believe that this continues on 
to general symbols and abstract symbols 
until the individual is dealing with 
events and interrelationships that do not 
exist in the sensory environment except 
in their symbolic representation. In sev- 
eral later chapters of the book, we shall 
describe how we analyze the feedback 
control of speech, reading, writing, and 
other symbolic behaviors by varying or 
perturbing the spatial and temporal 
properties of the feedback patterns. 

For our present purposes, we wish to 
point out that human learning is struc- 
tured by the formal educational context, 
and that this context is a function of the 
level of biosocial evolution that has been 
achieved. Man has not always been as 
intelligent or as rapid a learner as he is 
now because he has not had the facile 
and high-speed symbolic tools which 
permit him to realize his present po- 
tentialities. Man’s intelligence and learn- 
ing ability depend on special features of 
his symbolic systems and their integra- 
tion as well as on the genetically de- 
termined sensory-feedback mechanisms 


that make the use of such symbolic sys- 
tems possible. 


these 
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NONVERBAL MEDIATION 
OF HUMAN THOUGHT 


To carry on his symbolic learning and 
thinking, man has had available for tens 
of thousands of years the formal symbol 
systems of spoken language, but formal 
systems of written language were not 
developed until about 6000 years ago. 
Before this time, prehistoric man was 
greatly dependent on many forms of 
nonverbal symbolism to mediate his 
learning processes and to give them 
some permanence in the accumulated 
knowledge of his culture. Patterns of 
Nonverbal communication are important 
today, but to prehistoric man they were 
indispensable in defining his concepts 
and in giving meaning to his life ac- 
tivities. 


Evolution of Concepts 

By studying the evidence about the 
Nature of prehistoric and ancient cul- 
tures and of analogous groups that per- 
sist in modern times, we can estimate 
the developmental course of the appeat- 
ance of organized concepts in human 
thought. We guess that the concept of 
Survival developed very early, for the 
first manlike creature who not only used 
tools but kept them with him for future 
use must have had some dim awareness 
of their survival value for him and his 
family. Only later did concepts of ac- 
Yon, events, locations, objects: and so 
on emerge. Concepts of specific objects 
must have accompanied the use of spe- 
Clalized tools for hunting, drawing, fish- 
ing, and other tasks, and thus can be 
judged to be at least 80,000 years old 
and perhaps much older. Cave drawings, 
which can be traced back nearly 50,000 
Years, are evidence for concepts of sym- 


bolic representation of objects. Specific 
symbolic concepts of form, however, 
probably did not develop until nearly 
the dawn of civilization. These reached 
a high degree of perfection roughly 
4000 years ago in Egyptian geometry. 
By this time, formal systems of writing 
also were being developed. 

Ancient people had the behavioral ca- 
pacity to form and to regulate concrete 
space and its structures, but they had 
no true understanding of how to repre- 
sent three-dimensional space on a two- 
dimensional surface. This skill was de- 
veloped initially by the Greeks and 
Arabs at about the beginning of the 
Christian era but was not perfected in 
graphic art until the Renaissance. The 
concept of the spatial structure of the 
world was related to this type of knowl- 
edge. 

We believe that prehistoric and an- 
cient man had no real sense of the se- 
quence of events in time. His world was 
a spatial one, symbolized in spatial 
terms and regulated by spatially organ- 
ized activities. Before history was writ- 
ten, early peoples used graphic design 
and other spatially organized symbols to 
plan and to tell about their world and 
the events in it. Even as late as the era 
of the great temple cities of Sumer and 
its neighboring regions, the course of 
history was conceived of in terms of the 
spatial growth and expansion of the 
temple of the king-god and the subordi- 
nate structures around it. The Sumerians 
and others like them in the thousands of 
tem 
worked in their limited space-structured 
universe and organized their lives ac- 


ple cities lived and learned and 


cording to its spatial plan. These cities 
were to disappear, to be rediscovered 
only in the modern period of archaeol- 
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Figure 3.2. 
riginal society. 


and totemic symbols. c. Gesture symbols, 


A and B represent small kangaroos; 
dingo; F, camel; 


ogy. No one knows, for sure, why the 
temple cities were doomed, but we can 
speculate that they engineered their own 
destruction by one of the most important 
advances ever made by man—the de- 
velopment of writing. For with w 


riting 
and the recording of events, man came 
to recognize the temporal course of his- 
tory. The old spatial worlds lost their 
unity and meaning, and new patterns of 
social organization emerged. 
Throughout the long course of human 


development, each advance in instru- 


mentation or in manipulative or com- 
municative skill not only added to man’s 
repertoire of 5 


pecific performance pat- 
terns but raise 


d the level of his under- 


Three basic types of nonverbal communication in Australian abo- 


a. Body adornment and totemic ground-drawings of the Warra- 
munga tribe. b. Rock drawings of animals, human heads, 


tools, animals, plants, 


used by individuals under a ban of silence. 
C, kangaroo rat; 
G and H, emu; J, eagle hawk; K, 
L, very large lizard called Parenthie; M, large lizard, 


(From Spencer and Gillen, Across Australia. London: 


D, opossum; E, dog or 
small lizard with long tail; 
but smaller than Parenthie. 
Macmillan, 1912, 2 yols.) 


standing and learning capabilities. 
When Stone-Age man developed the 
skill of drawing pictures on the walls of 
caves, he very likely expanded greatly 
the scope of his understanding of him- 
self, the animals whose pictures he drew, 
and the interrelations among them. 
When man’s drawings became graphic 
symbols, his capacity for symbolic 
thought increased, Modern man _ con- 
tinues to multiply his abilities to learn 
and to think creatively by means of 
specialized machines and refined scien- 
tific techniques. Thus, we say that hu- 
man learning is structured by the learn- 
ing situation. The available devices and 
skills not only determine what is 
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learned, they also determine how it is 
learned, and set upper limits of learning 
and creativity within the lifetime of an 
individual. 


Stone-Age Symbolism 


We begin to appreciate the richness 
of nonverbal communicative patterns in 
prehistoric peoples when we study the 
customs of Stone-Age cultures that per- 
sist in modern times. The photographs 
and drawings in Figure 3.2 illustrate 
nonverbal communication among the 
Australian aborigines, the most primi- 
tive people still surviving on earth. We 
see in Figure 3.2a and b examples of 
their use of elaborate totemic designs 
for body adornment. ground designs, 
and rock drawings. Such designs are 
used in special rituals and magic rites, 
for teaching the young, and on occasions 
of death, birth, mating, and conflict. The 
body designs identify both the persons 
and their roles. The manual signs in 
Figure 3.2c are very expressive and are 
Comparable to the hand signs used by 
the deaf in our own culture. 

From the point of view of our con- 
temporary understanding. the symbolic 
activities of primitive man are charac- 
terized by two important limitations: 
they express no real sense of historical 
Sequence of events or of causation. 

acking these concepts, primitive man 
tended to locate causes of events in the 
objects that participated in the event. 
Thus each perceived object and animal 
fame to represent a whole series of 
‘vents. When the events concerned a 
Person or a family, the graphic repre: 
Sentation of the animal or object be- 
fame a totemic sign for the person oF 
family, Great and powerful animals be- 
Sg signs of king-gods and their fer- 
lity and prowess. For example, totemic 


signs of the lion, the great snake, and 
the hawk symbolized king-gods in the 
religion and civilization of 
Egypt, from which culture much of our 
own art, science, and language derives. 

One important function of totemic 


ancient 


signs and other nonverbal symbols was 
to identify persons and families and to 
delineate _ personality. In prehistoric 
times. as now, people were differentiated 
in terms of the work roles they per- 
formed and their skills and special abili- 
ties in their tasks. Some were hunters, 
some gathered food, some were good 
warriors, and so on. A person and his 
tools were marked with an appropriate 
sign—for example, an animal or plant 
sign—to define his personality and so- 
cial role, and this system of identifica- 
tion could be extended to a family line. 
In some cases. fine tools as such. with- 
out any special sign. might mark a man 
or his family. In New Zealand. fine 
greenstone hand axes were used to mark 
a warrior or chieftain. and might be 
carried over from generation to genera- 
tion to represent a family line. Thus a 
limited sense of time and history was 
partially compensated for by means of a 
relatively permanent sign or tool that 
represented the deeds and achievements 
of dimly defined ancestors. 

Another function of totemic signs was 
their use in primitive magic as a means 
of regulating natural forces. Because of 
his limited understanding of causation, 
early man tried to control natural events 
by manipulating the objects in which 
the “causes” resided. Thus the elaborate 
rituals involving tools and symbols were 
essentially attempts to control the en- 
yironment—to ward off evil and bring 
about good. Every major event in life 
was prepared for by particular kinds of 
ceremonies held in particular places. In 


NONVERBAL COMMUNICATION 


60 


Nonverbal Mediation of Human Thought 


Figure 3.3. Totemic markings used to mo- 
tivate the young in difficult tasks and to aid 
in learning and growing. a. Totemic body 
markings on young men who are about to go 
forth to kill an enemy in a neighboring tribe. 
6. Totemic animal and plant markings on 
wooden slabs for a ritual ceremonializing the 
growth of young men and women and to make 
them grow strong and healthy. (From Spencer 
and Gillen. Across Australia. London: Mac- 
millan, 1912, 2 vols.) 


Figure 3.3a we see totemic markings on 
the bodies of young aborigine warriors 
who are getting ready to go out and kill 
an enemy of an adjacent tribe. Figure 
3.36 shows how slabs of wood were de- 
signed in a yam totem of the Tjingilli 
tribe of Australia for a ceremony that 
Was conducted to make the boys grow Up 
Strong and the girls grow up plump. In 
general, totemic designs such as these 
Served to identify the conditions of the 
use of an object or tool at the particular 
place where the action was to be carried 
out. By such combined place and object 
marking, Stone-Age peoples attempted 

Figure 3.4. Rock drawings from the 


to a period contemporary with ear! 


(Redrawn from Lhote. Saharan rock art. 


ly Egyptian ci 
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to control the important events of their 
lives. When a man died his tools often 
were buried with him, and his burial 
container was marked with his totem. 
These precautions, along with the other 
practices associated with death and bur- 
ial, were to insure the well-being of the 
dead man’s spirit as well as the safety 
of the living. 


Evolution of Graphic Design 

Of all patterns of nonverbal commu- 
nication, those of graphic design and 
pictorial representation are the most 
adaptable to various purposes and thus 
have been the most significant in the 
evolution of human behavior and learn- 
ing. Some of the earliest graphic designs 
that can be dated are primitive drawings 
of bison on the walls of caves in France. 
These drawings of Aurignacian man and 
others of Magdalenian man are esti- 
mated to be around 40,000 years old or 
even older (Kiihn, 1955). More recent 
cave drawings found in France, Spain, 


a Desert dating from about 6000 B.c. 
vilization (3000 to 1200 ».c.). 
1960; 44(6), 28-43.) 


Sahar: 
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and northern Africa show a gradual 
course of development of concepts re- 
lated to work. The oldest drawings were 
mainly of an object character, featuring 
the outline of animals that were hunted. 
Later drawings represented instrumental 
relationships, including designs of hunt- 
ing tools with animals that were hunted. 
In time the tools were shown in opera- 
tional use by the hunter. Finally, human 
figures appeared without tools, but in 
some ritual relationship with each other. 
These later phases of graphic repre- 
sentation are illustrated by the drawings 
in Figure 3.4 which were executed in 
northern Africa from about 6000 B.c. to 
a time corresponding to the Old King- 
dom of Egypt. Egyptian and Libyan cul- 
tures interacted during this later period, 
as is suggested by the Egyptian style of 
the drawings. 

Progress in graphic art can be con- 
sidered one phase of man’s increasingly 
complex organization of behavior to 
structure the environment for human 
adaptive purposes. Tools and body cover 
were devised prior to the first efforts to 
produce graphic designs, and the first 
designs probably represented efforts to 
control the tool-using operations in hunt- 
ing. Man and beast were joined in a 
totemic concept which did not differenti- 
ate the activities and symbols of hunting 
from the animal that was hunted. Later, 
as weaving, pottery making, sculpture, 
architecture, and other media of design 
appeared, the processes of tool using and 
pictorial symbolic representation inter- 
acted to advance creative planning and 
thinking in both tool design and the con- 
struction of the first villages. 

Nonverbal communicative patterns in 
the first villages and cities not only ex- 
tended the methods of graphic repre- 


sensation, sculpturing of figures, pottery 


marking, body adornment, and so on 
that were developed in earlier periods 
but also introduced some significant new 
techniques. One of these was time mark- 
ing—the use of systematized graphic de- 
signs to keep track of time. Another was 
the use of a sequential series of pictures 
to tell a story. Thus a series of designs 
put on a knife handle or a plaque might 
tell a story about the exploits of some 
great chieftain or king-god. These early 
pictographs represented to the people 
who developed them their concepts of 
behavior organization and life plan. 

The designs shown in Figure 3.5 are 
from ancient Egypt, one of the first civ- 
ilized societies. Designs such as these 
were used on headdresses, clothes, tools, 
and buildings. They were used to dec- 
orate jewelry, mummy cases, sphinxes, 
temples, and almost all objects of Egyp- 
tian life. These graphic symbols helped 
define all aspects of culture and thought 
—at the verbal. social, artistic, archi- 
tectural, and industrial Jevels—and 
helped to bridge the gap between ancient 
and modern understanding of temporal 
patterns of causation and the sequence 
of historical events. 

For education and the teaching pro- 
fession in general, the development of 
the temple cities marked a turning point, 
for it was here that the graphic story- 
telling symbols or pictographs were 
adapted to represent verbal speech. The 
Egyptian hieroglyphics and the Sumer- 
ian cuneiform symbols were the pre- 
cursors of alphabetic writing in the 
Western world and thus formed the 
basis for the organization of our knowl- 
edge in writing and books. 

Several examples of early Egyptian 
pictorial symbolization that immediately 
anteceded hieroglyphic writing are 
shown in Figure 3.6. One of these pic- 
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representation. a. Time-marking symbols 


Ancient Egyptian symbolic 


Figure 3.5. 
and symbolism depicting action, from the 
bining pictorial and hieroglyphic event-telling. 


Old Kingdom. 6. Translucent chair com- 
(Courtesy of the Cairo Museum.) 


ture stories is inscribed on the handle of 
a stone knife. The others are inscribed 
on plaques and tell of the exploits of a 
king of the Old Kingdom of Egypt 
around 3000 p.c. The first uses of actual 
Writing were to keep records and to 
Memorialize the king’s places and 
achievements. A real verbal literature 
Was not to develop for centuries. 

. The development of writing was 
Significant milestone in the long evolu- 
onary process of human adaptation in 
tool using and social communication. In 
this process, the fundamental behavior 
and physiological bases of learning were 
modified. Human learning shifted more 
and more toward the systematic types of 
learning that we know today. wherein 


a 


knowledge of organized relationships 
and skill in performing organized in- 
strumental operations dominate the 
learning process. 

After the development of writing, 
graphic representation was no longer as 
indispensable a medium of human 
thought as in the prehistoric era. Conse- 
quently. graphic design followed a more 
specialized course of development. which 
is classified usually as a phase of the 
history of art. Although the evolution 
of design rarely has attracted the inter- 
est or attention of scientists, it probably 
is as crucial for understanding the his- 
tory of science as it is for the under- 
standing of art. What we know as sci- 
ence today did not originate specifically 
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Figure 3.6. 
tistic designs and symbols t 
Dynasty (2769 B.c.) and i 
A gypter. Stuttgart: Kilpper, 1954.) 


The process 


within the tradition of verbal symbolism 
and literature but can be traced to much 
more primitive origins in human activi- 
ties related to design of tools, archi- 
tecture, geometric displays, and graphic 
forms. Ancient scientific achievement 
grew out of explorations in primitive 
magic, basic tool-using processes, artistic 
design, and geometric design. Creative 
thinking in the sciences always has had 
significant nonverbal components. This 
is no less true toda 


y than in prehistoric 
times. 


of differentiation and transformation of nonverbal ar- 
o hieroglyphic writing in the Old Kingdom and First 
n ancient Egypt. (Redrawn from Wolf. Die Welt der 


SPECIALIZATION OF NONVERBAL 
COMMUNICATION 


Just as verbal symbols have been spe- 
cialized to deal with many areas of lit- 
erary, professional, commercial, and 
scientific knowledge, nonverbal symbol- 
ism has become diversified and has 
helped to regulate organized learning in 
various areas. Two important 
tions of nonverbal techniques 
book illustrating and advertising. 


applica- 


are in 
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Book Illustration 


Since ancient times, a widely appli- 
cable use of pictorial design is in book 
illustration. One of the oldest books 
known, the Book of the Dead of ancient 
Thebes, contains pictorial illustrations. 
In one of these, shown in Figure 3.7, a 
boat, containing a boatman, a hawk- 
headed figure denoting the king-god, 
and a mandrill holding a service, crosses 
the river of the dead toward three dismal 
figures who sit on the other side. 

Greek and Roman books apparently 
were not illustrated except for geometry 
books, which utilized newly developed 
abstract line drawings. Our line graphs, 
bar graphs, and related quantitative 
functions used in book illustrations have 
this ancient origin. The drawing instru- 
ents used both for the preparation of 
plans and for preparing illustrations 


illustrated 


Figure 3.7. One of the first 
books known—The Book of the Dead of an- 
Clent Thehes. (Courtesy of the Cairo Museum.) 


were developed by the pyramid builders. 
The Greeks improved metal drawing 
devices and used them in_ illustrating 
geometric principles. Their instruments 
were similar to many still in use. 

The oldest dated European book il- 
lustrations were printed from wood 
blocks in 868 (Poortenaar, 1935). Ex- 
amples of book illustrations from the 
fifteenth to the eighteenth century shown 
in Figure 3.8 include an illuminated 
manuscript page from the fifteenth cen- 
tury, woodcuts from the fifteenth and 
sixteenth centuries, and an engraving 
from the eighteenth century. The first 
collaboration of author and artist in the 
production of a book in which specific 
text references to the illustrations occur 
is said to be one in which woodcuts of * 
Wolgemuth were used (Fig. 3.8b). The 
book was a series of meditations on the 
life and sufferings of Christ and is at- 
tributed to a friar, Stefan Fridolin. Al- 
brecht Diirer’s woodcut in Figure 3.8c 
is taken from the first work on perspec- 
tive on a mathematical basis which also 
included descriptions of several drawing 
instruments invented by Diirer. In a sub- 
sequent work, Diirer proposed, possibly 
for the first time, the principle that 
human physique and character could be 
described in terms of measurements of 


. geometric proportions. 


The development of photography has 
greatly modified techniques of book il- 
lustration, and books have been changed 
in format to accommodate lavish use of 
photographs. This advance in pictorial 
technique has provided greater flexibil- 
ity of the nonverbal components of 
books with consequent improvement in 
the over-all communicative pattern. An 
interesting point in the history of pho- 
tography is that the first venture into 
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Figure 3.10. 
scribe. b. An Egyptian notice about cattle written in hieratic script. c. 
Chinese textile display. 
Butterworth (ed.) The growth of industrial art. Washington, D.C.: U.S. Govern- 
ment Printing Office, 1892.) 


much as science and technology are 
greatly dependent on exact graphic rep- 
resentations, their progress prior to the 
age of prints was very limited. When 
careful drawings of plants, animals, 
anatomy, technical devices, and so on 
could be copied exactly in large numbers 
by means of printing processes, scien- 
tific and technological observations, dis- 
coveries, and inventions could be pre- 
served in both their verbal and non- 
verbal aspects and the modern scientific 
age was launched. We shall describe 
Ivins’ convincing argument in greater 


detail in Chapter 13. 


Advertising Techniques 


Advertising is another area of spe- 
cialization of nonverbal communication 
which has educational significance. The 
oldest relic of advertising in the English 
language is said to be the name Smith, 
from the display of a metalworker 
craftsman. Signs of this sort which iden- 
tified a type of work or merchandise are 
very ancient in origin and have used 
both verbal and nonverbal components. 
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Ancient forms of advertising. a. Clay tablet showing seal of the 


Ancient 


(a courtesy of Prof. Menahem Mansoor; b and ¢ from 


Trade displays can be traced to the trade 
fairs of ancient Phoenicia, where city 
bazaars were used as a systematic 
method of commerce. Other ancient 
forms of advertising were the use of 
seals on clay tablets and notices of es- 
tates, fairs, sales, and slave auctions. 
The latter described some of the main 
features of the slaves. 

Examples of early forms of advertis- 
ing are shown in Figure 3.10. If we can 
consider the seal of the scribe on the 
clay tablet shown in Figure 3.10a as a 
form of advertising by a lawyer, then 
this little object may be one of the oldest 
advertisements known to man, for it is 
over 4200 years old. The other two dis- 
plays shown in the figure are an Egyp- 
tian notice about cattle written in hier- 
atic script and an ancient Chinese textile 
display. 

In the nineteenth century, various in- 
genious methods of visual advertising 
became common, such as the use of 
flamboyant tombstones to keep the fam- 
ily name prominently displayed, bill- 
boards, balloons, banners, animated dis- 
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plays, door plates, railroad posters, 
Wagon posters, clock devices, rotating 
signs, reflectors, luminous displays, and 
newspaper and magazine displays. The 
visual factor always has been empha- 
sized in advertising because well de- 
signed visual displays attract almost uni- 
versal attention and can be understood 
immediately. Motion pictures, radio, and 
television have necessitated a reorgani- 
zation of existing nonverbal techniques 
for these media as well as the develop- 
ment of new methods. The advent of 
television has altered most existing pro- 
cedures because of its nearly unlimited 
Scope in integrating all of the older 
graphic and photographic techniques 
with immediate long-distance audio- 
visual communication. 

With the development of radio and 
television, the dividing lines between 
Conventional education, advertising, and 
technological communication have be- 
come less distinct. The immediacy and 
efliciency of these newer methods of ex- 
Pressive communication have had the 
effect of identifying commercial prod- 
ucts with the company organization and 
the plant that produces them and of ele- 
vating the public’s technical knowledge 
of both product and company. Thus, 
marketing and advertising programs 
tend more and more to incorporate tech- 
nical information about company or- 
&anization and engineering and to utilize 
the audiovisual techniques of education 
In their displays. 


NONVERBAL TEACHING 
TECHNIQUES 


At all levels of evolution, the human 
child has had much to learn to take his 
Place as a contributing member of adult 


society. From prehistoric to modern 
times, much teaching and learning have 
gone on in the normal home environ- 
ment, and additional teaching and learn- 
ing have occurred on the job, where the 
individual learns the knowledge and 
skills of his work role. But from time im- 
memorial, human children also have 
been given formalized instruction by 
people who have acted as full-time or 
part-time teachers. Specialization of the 
teaching role was affected by many fac- 
tors, but perhaps the most decisive 
among these was the development of the 
tools and the work of graphic represen- 
tation. For the symbolic representation 
of work activities alienated the processes 
of instruction from the actual labor and 
skill that were represented, thus laying 
the groundwork for a separate teaching 
profession. 

Formal instruction always has in- 
volved an integration of verbal and non- 
verbal communication with interdepend- 
ent effects on learning. However, we 
shall confine our discussion here as far 
as possible to some of the nonverbal 
tools and techniques that have been used 
for educational purposes through the 


ages. 


Prehistoric Teaching Tools 


As far as we can tell from analyzing 
evidence of the behavior of prehistoric 
peoples, the education and training of 
their young included roughly four types 
of activities: the use of folklore, myth, 
and song; instruction and supervised 
practice in the use of specific tools; in- 
struction in the making of totem sym- 
bols and designs; and using certain 
symbols and instruments of magic to 
teach the fundamentals of tribal taboo 
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and action. Instruction in verbal story 
and song had the disadvantage of being 
transitory, whereas the tools, devices, 
and visual symbols were more or less 
permanent aids to learning. Inasmuch as 
primitive man apparently lacked a sense 
of causation between events separated 
in time except as he could bring these 
events together spatially, the totemic 
signs and symbols that could be carried 
about on a tool or on his body served to 
remind him continually of what he was 
about, just as written rules and direc- 
tions guide the modern novice. 

Tools evolved in prehistoric cultures 
for the express purposes of nonverbal 
communication included marking sticks 
and stones for making cave and rock 
drawings; weaving devices and pottery 
marking styluses, sometimes made of 
metal; and the props and devices of the 
sorcerer or witch doctor, which were 
used to beat the ground in animal ritu- 


Figure 3.11. Body display, helmets, 
ceremonials of the 
Wollunqua totem—the great snake. 


London: Macmillan, 1912, 2 vols.) 


als. mark bodies, stab and cut in mutila- 
and_ kill 
enemies at a distance. (Pointing sticks 
were among the tools used to kill at a 
distance.) The tools of the sorcerer were 
true teaching devices, for they were used 
to teach and control the young warriors, 
make them respect their elders, toe the 
line with respect to their sexual responsi- 
bilities, and strive to succeed in battle. 

The tribal sorcerer created the sym- 
bolic totem markings in tribal ceremony 
and devised the headdresses and body 
markings which served to represent the 
magic forces over which only he had 
control. The photograph in Figure 3.11 
illustrates the use of magic symbolic 
markings, including ground designs, 
body display. and ceremonial equip- 
ment, by Australian aborigines. The pic- 
ture shows the removal of helmets fol- 
lowing a ceremony of the snake totem. 
The symbolic markings are the tools 


tion rituals, cure disease, 


and symbolic ground drawings used in 
Warramunga tribe of Australia. This ritual involved the 
(From Spencer and Gillen. Across Australia. 
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used by the tribal sorcerer to control the 
hidden forces in nature and to educate 
and impress the members of the tribe 
with his powers to protect them from 
the great snake. The purposes of the 
Tites are to make the snake happy and 
put him to rest for a year and to ed- 
ucate the young in how to achieve this 
great feat. 
. The developing pattern of education 
in prehistory was affected by the dual 
function served by the witch doctor in 
relation to ordinary tribal members. The 
Srotesque masquerades and body cover 
assumed by sorcerers or witch doctors 
identified them not only as individuals 
with special powers but as protectors of 
the other people. The sorcerer protected 
the tribe from the terrible dangers and 
Powers of the spirit figures that he could 
address with his sticks, mumbo-jumbo. 
and other props and techniques. This 
dual role of controller of spirit power 
and protector was carried over in the 
fundamental pattern of education to the 
ater urban cultures, where the temple 
Priest represented the power and au- 
thority of a dynastic king as well as the 
authoritarian knowledge of how the 
People could be protected from the ter- 
tible powers of the king. Both prehis- 
toric and ancient historic education in- 
Volved the use of various devices and 
Props to achieve this dual symbolic ac- 
Uvity of the sorcerer or priest. 
r When tribal societies became stabi- 
lzed in village endl seonaltt pate there 
Were sometimes special buildings for 
teaching the young in the ceremonials of 
cir culture. For example, the Mesa 
/erde Indians of ancient North Amer- 
ey who lived in cliff cities like the one 
Pletured in Figure 3.12 almost a thou- 


sand years ago. had special rooms 
known as kivas for education and cere- 
monials. The kivas were cellar rooms 
built in a precise octagonal design which 
had directional significance. 

In addition to their instruction in 
rituals and symbolism, prehistoric tribal 
youngsters were trained with the real 
tools and techniques of work and sur- 
vival, in learning to fight and hunt and 
in learning the domestic work of animal 
care, plant control. and harvesting. 
Dyson-Hudson (1960) has given a de- 
tailed account of how children of the 
Karamojong of Uganda, Africa, work 
and use simulated weapons to practice 
battle combat. A young man of the 
Karamojong receives a calf as an instru- 
ment of education, for when he becomes 
a man, his cattle provide his livelihood 
and define his status and wealth. 


Instruments for Plotting 
Space and Time 

An important factor in the process of 
becoming civilized was man’s develop- 
ment of techniques for orienting himself 
spatially and temporally in the world 
and universe. This involved making ob- 
servations of geography, astronomy, and 
meteorology, developing tools for ac- 
curate measurements, devising recording 
devices for keeping track of space and 
time. and developing mathematical sys- 
tems for handling all these facts. Even 
Stone-Age men were adept at finding 
their way about in the world. For 
example, the ancient Polynesians were ex- 
pert navigators and made accurate astro- 
nomical and meteorological observa- 
tions. They used the constellations as 
guides and also observed the direction 
of the ocean swell. Many Stone-Age 
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Figure 3.12. 
in the canyon wall just below the plateau. The circular rooms at the front are 
kivas, ceremonial and ritual rooms that can be considered prehistoric school rooms. 


tribes recorded lunar months and desig- 
nated them according to the natural 
changes of the seasons. Solar calendars 
were used by more advanced groups, 
such as the Mayas and other early civi- 
lizations of Central America. 

Globes and ancient maps for teaching 
the movements of the stars were among 
the first formal educational devices. One 
of the first known references to a specific 
educational device, other than instru- 
ments used for writing, concerns a globe 
that was supposed to have been carried 
from Egypt to Greece by the legions of 
Alexander the Great. The globe was said 
to have been made by the men who con- 
structed the pyramid of Cheops in the 


Mesa Verde's Cliff Palace. This prehistoric cave city lies high up 


Fourth Dynasty, that is, sometime prior 
to 2560 B.c. (Butterworth, 1892). 

A very complicated device that most 
certainly was used by the Greeks for 
teaching purposes is an ancient com- 
puter mechanism which was picked up 
from the sea in 1901 and only recently 
recognized as a computer (de Solla 
Price, 1959). According to various care- 
ful estimates, it dates from about 82 B.C. 
Its apparent purpose was to give quanti- 
tative information about the movements 
of the sun and the planets. It contains 
the first scientifically graduated numeri- 
eal dials known and has an extraordi- 
narily complex gear mechanism, proving 
that the Hellenic world knew the prin- 
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ciples of building epicyclical gear sys- 
tems. 

Beckmann (1846) long ago gave an 
account of an ancient Roman device that 
apparently functioned as a_ planetary 
computer. In describing the history of 
clocks, Beckmann referred to papers 
dealing with the acts of St. Sebastian the 
Martyr, in which appears the following 
account. Chromatius, a governor of 
Rome in the third century, when about 
to be cured by St. Sebastian tells the 
Saint, “I have a glass chamber in which 
the whole learning and science of the 
stars is constructed mechanically, in 
making which my father Tarquinius is 
known to have expended more than two 
hundred pounds of gold.” St. Sebastian 
then tells him that if he has chosen to 
keep this machine whole, he will have 
destroyed himself. Chromatius asks, 
“How so?” and goes on to question why 
such a machine differed from almanacs 
wherein courses of the months are dis- 
tinguished numerically for every hour. 
and the full new moon is, by means of 
certain calculations. forecast by a mo- 
tion of the fingers. Beckmann deduced 
from additional information that the 
mechanism under discussion was not a 
clock but a device to point out the sun’s 
Course through the twelve signs of the 
zodiac, the motion of the other planets, 
and their relative situation in every 
month or at any period of the year. In 
any case, the Saint apparently destroyed 
it, but we have no reason to doubt the 
authenticity of Beckmann’s story about 
learning in antiquity. 

Another Roman instrument for teach- 
ing nonverbal information in ancient 
times, which was preserved in the ruins 
of Pompeii, is shown in Figure 3.13. 


Cubicle 


Figure 3.13. calendar found at 
Pompeii. (From Knight (ed.) The arts and 
industry of all nations. London: Dutton, 1860, 
2 vols.) 


This is a cubicle calendar that appar- 
ently was used to teach the signs of the 
months of the year, along with other 
information. The abacus is one of the 
few ancient computing and teaching de- 
vices for nonverbal learning that has 
persisted in modern times in nearly its 
original form. Its survival is probably 
due to the fact that it is a fine instru- 
ment for teaching number combinations 
of space-object rela- 
as a highly efficient 


visually in terms 
tionships as well 
calculating device. 

One of the first known applications of 
teaching devices in Europe after the fall 
of Rome was the use of a globe for 
teaching geography in a school in 
Rheims, France, about 1000 a.p. This 
globe had been brought from the Moor- 
ish school at Cordova, Spain, substanti- 
ating the fact that the Arabs were teach- 
ing geography with celestial globes at a 
time when most Europeans taught that 
the world was flat. Columbus may have 
got his notion of a new route to the 
Indies from such Moorish globes (But- 
terworth, 1892). 

Some examples of European devices 
and maps for teaching that existed prior 
to the nineteenth century are shown in 
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Figure 3.14. These include Pascal’s 
arithmetic machine, a world map of the 
sixteenth century, and a planetary ma- 
chine dated between 1781 and 1786, 
This planetary device mechanizes the 
relative movements of the planets and 
gives directions and information about 
these movements in relation to the signs 
of the Zodiac. It is significant that the 
Greeks and the Romans, centuries be- 
fore, had devised similar maps and cal- 
culating and planetary machines for un- 
doubtedly the same educational pur- 
poses. 


Laboratory Demonstration 
and Experimentation 


The use of laboratory demonstrations 
and experiments as a combined non- 
verbal and verbal technique of organized 
learning has a long history. One of its 
origins is in museum displays or collec- 
tions of natural curiosities. Another is 


Figure 3.14. Teaching aids used prior to 
1800. @. Pascal's arithmetic machine. b. Six- 
teenth-century map of the world. c. A plane- 
tary machine made in England in the 1780s. 


the use of automata, mechanical demon- 
strations, and acts of ritual, sorcery, and 
juggling, either to amuse or to train 
others to accept some belief. 

As we have seen, ritual demonstra- 
tions for healing and training the young 
are prehistoric in origin. Such methods 
were carried over into the ritual of an- 
cient religions, athletics, and public 
amusement. Juggling, fire breathing, 
fire walking, demonstrations of great 
strength, sleight of hand with ropes, 
cards, rods, peas and cups were all prac- 
ticed in antiquity and carried on there- 
after as forms’ of entertainment. Com- 
parable manipulations are still used by 
some teachers to maintain and direct 
attention of students and to illustrate 
natural phenomena. 

The concept of automata is closely al- 
lied to the ancient use of ritual objects, 
for in primitive times movable figures 
representing objects and people were 
used to symbolize the real thing. The 
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scalps and shrunken heads collected by 
some primitive tribes possibly are re- 
lated in function to automated figures. 
The importance of automata for organ- 
ized learning is indicated by the fact 
that Descartes’ concepts of stimulus and 
Tesponse and of the reflex are said to 
have been based on observations of au- 
tomated figures in the gardens of Paris. 
These Seuses maawed when persons 
nearby stepped on hidden plates, and 
Descartes found this stimulus-released 
Movement analogous to reflex behavior. 

According to ‘Beckmann (1846), the 
building of Ser ciert automata was coin- 
cident with the devising of clocks in the 
Seventeenth century. Some of the first 
effective automated figures built in Ger- 
Many operated in conjunction with 
tower clocks. The technique of providing 
Statues with voices was a favorite 
eighteenth-century amusement and was 
accomplished by having hidden persons 
Speak into tubes. Another eighteenth- 
century technique was to produce mobile 
animal figures by moving jointed paste- 
board cutouts behind an_ illuminated 
Screen and using hidden pegs attached 
to the cutouts to hold and activate the 
parts. 

Museum displays constitute another 
Significant antecedent of modern educa- 
tional procedures and instruments. for 
they have been used consistently to in- 
Struct in the record of history or in the 
Properties and classification of objects 
in nature. According to Beckmann. the 
first museums of educational materials 
Were Greek medical collections that Hip- 
Pocrates himself was supposed to have 
used for self education. The Greeks 

tought rare animals and unusual natu- 
ral objects to the temples and conse- 
crated them to the gods. It is said that 


Alexander gave orders to all herdsmen. 
birdcatchers, and fishermen to send 
whatever animals they might find to 
Aristotle. The Roman Apuleius also 
formed a collection of natural objects, 
especially zoological specimens. 

During the Middle Ages, there were 
bird and fish displays in the ruling pal- 
aces of the Arabs and collections of 
curiosities in the treasures of the em- 
perors, kings, and princes of Europe. 
Live menageries also were established in 
the courts. Private collections appeared 
for the first time in the sixteenth cen- 
tury, and catalogues of such collections 
were made as early as 1565. One of the 
oldest museums, the Ashmolean Museum 
at Oxford University, was launched by 
the gift of the private collection of 
Ashmole, who had purchased it from 
others. The British Museum was started 
in 1753 from a private collection of 
medals. metallic ores, and precious 
stones purchased from the estate of Hans 
Sloane, the Harleian collection of manu- 
scripts. and certain other items. Since 
then, museums of art, history, natural 
objects, antiquities, and biological ma- 
terial, and menageries of many sorts 
have been set up as general educational 
facilities in almost every major city in 
the world. 

Although rarely discussed in such 
terms, the training laboratory with its 
special devices represents a significant 
means for communicating nonverbal ex- 
perience and knowledge to the student. 
Laboratory procedures not only train 
the individual to use his eyes and ears in 
observation but also provide practice in 
the motor skills that may be used later 
in science and in the professions. These 
nonverbal communicative aspects of the 
laboratory have ancient origins in the 
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use of demonstrations of animated and 
automated devices and in the museum 
collections of curiosities. 

The early science laboratory was an 
offshoot of sixteenth-century metallurgi- 
cal testing procedures that were de- 
scribed by Agricola (1912) and of the 
museum displays. The work of such a 
laboratory included both exploration 
and teaching—that is, search by the sci- 
entist and re-search by assistants and 
students. Public demonstrations often 
were given for the benefit of important 
people. The physical science laboratory 
developed in Europe at approximately 
the time of the American revolutionary 
war. Figure 3.15a illustrates a large 
English chemical laboratory in 1763. 
The museum nature of the place is im- 
mediately apparent, and its origins in 
metallurgical procedures are indicated 
by some of the tools and by the picture 
on the back wall showing a view of a 
preindustrial glass furnace. This draw- 
ing was taken from Agricola. Various 
furnace devices and tools for metallurgi- 
cal study are evident, and balances ap- 
pear in glass cases at the right. A picture 
of some sort of heating and blasting sys- 
tem is seen on the wall to the left. 

Some idea about the division of ac- 
tivity in the chemical laboratory of 
Lavoisier in France is given in Figure 
3.15. Here we see a museum display of 
jars and an early study of respiratory 
Gases in process. Notice that the record- 
ing is done by a secretary using quill 
pens. The experiment represents a phase 
of Lavoisier’s work that laid the founda- 
tions of the physiological chemistry of 
respiration. Lavoisier’s research gener- 
ally is considered the beginning of 
modern experimental chemistry. 

Up until fairly recently, the actual na- 


Figure 3.15. The early scientific laboratory 
as a combined scientific and teaching facility. 
a. A view of a large chemical laboratory in 
England in 1763, which discloses the connec: 
tion between the evolution of the physical 
science laboratory, the early mining and metal 
testing techniques of Agricola, and museums 
of the eighteenth century. b. Lavoisier’s labo- 
ratory around 1790. (From Partington. Evolu- 


tion of the chemical laboratory. Endeavour, 
1942, 1, 145-150.) 


ture of research laboratories changed 
very little from those shown in Figure 
3.15. The most important change in- 
volved the introduction of new machines 
and devices for observation, experiment, 
and demonstration. The organization of 
work was in the German or English tra- 
dition; a major teacher or professor 
headed the laboratory and was aided by 
research associates and assistants in 
both teaching and study. However, in 
the last few decades more specialized 
training laboratories have been estab- 
lished to train students in the special 
techniques needed in medicine, engi- 
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neering. industry. agriculture, and other 
fields. Thus we have laboratory-trained 
specialists at many levels, some of whom 
got their training in vocational schools 
or worker training programs. An inter- 
esting historical phase of this develop- 
ment is the establishment of laboratories 
and courses for training women tech- 
nicians. Figure 3.16 illustrates one of the 
first of these courses—a training course 
for girl wireless operators at Hunter 
College in New York in 1917. At first 
the Navy objected to this program but 
later certified the female operators. 

The training and research laboratory 
is itself a source wherein are generated 
new devices for teaching as well as 
knowledge leading toward technical 
change. The tools and procedures in the 
basic laboratories are being altered con- 
tinually to meet new needs. New labora- 
tory ideas eventually lead to changes in 
industrial and professional methods, 
Which in turn are adopted in the techni- 
cal and training laboratories for teach- 
ing and further research. This reciprocal 
feedback system defines the interaction 
between basic science, science training, 
and technological development in mod- 
€rn scientific teaching. 


Classroom Instrumentation 

Until relatively recent times. class- 
Toom instrumentation in the ordinary 
School was meager indeed. The main in- 
struments were a blackboard and chalk 
and the writing material on the desks. In 
this respect, however, American pupils 
of the nineteenth and early twentieth 
Centuries were somewhat better off than 
their predecessors in antiquity. Egyp- 
tian students, for example, sat on the 
Stone floors of the temples. and the stu- 
dents of Socrates sat in the open under 


the trees. After free schools were estab- 
lished generally in America in the 1830s 
and 1840s, numerous patents were 
granted for blackboards. maps, slates, 
and cumbersome desks, but these inno- 
vations made little change in the rather 
dismal appearance of the school en- 
vironment. 

Since about 1920, marked improve- 
ments have been made in the design of 


An early vocational training 
laboratory in the United States. The girls were 
taking a wireless operator’s training course at 
Hunter College in 1917. (Courtesy of the Wis- 
consin State Historical Society.) 


Figure 3.16. 


schoolrooms and in the methods of in- 
struction available to the teacher. The 
differences between the old and the new 
classrooms are more than just differ- 
ences in the kinds of visual and auditory 
communication used in instruction. In 
the more modern classroom, the student 
gets far more feedback from his own 
various learning activities, and much of 
this feedback is nonverbal. By such 
means, he is made aware of the compar- 
ative level of many of his scholastic and 
social activities. 

During the past century, many me- 
chanical devices and instruments were 
developed for nonverbal and verbal in- 
struction, although some of them appar- 
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ently saw limited use in actual class- 
rooms. Examples of devices for which 
patents were granted before 1900 are 
shown in Figure 3.17. Such instruments 
were the teaching machines of the nine- 
teenth century. Some of them persist to- 
day, not so much as schoolroom aids but 
as educational toys for children. One of 


Figure 3.17. 


granted. a. Spelling board. b. Blackboard with adjustable 
device for illustrating evolution and involution. d. Grid 
raphy. e. Device for illustrating aeration. f. Rolled 
speller. h. A mechanical aid for teachi 
Butterworth (ed.) The grow! 
ment Printing Office, 1892.) 


Nineteenth century “teaching machines’ 


them, the rotating speller, was the pre- 
cursor of one of the most widely used 
scientific instruments of learning psy- 
chology, the memory drum. 

Of all the developments in classroom 
instrumentation in the last century, 
modern methods of reproducing visual 


and auditory material have had the 


* for which patents were 
numbers. c. Folding paper 
device for teaching geog- 


maps. g. A moving-block 


ng handwriting. i. A rotating speller. (From 
th of industrial art. Washington, D.C.: U.S. Govern- 
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greatest impact on teaching techniques. 
Until the 1850s. pictorial displays could 
be reproduced only by hand reproduc- 
tion, printing. or drawing apparatus. 
The latter included pantographs for 
copying designs, profile drawing devices. 
and geared drawing devices for making 
ellipses and compound curves. Printing 
had not had the same far-reaching ef- 
fects on nonverbal communication as on 
verbal communication, for the tech- 
niques of printing designs and pictures 
were slower, more expensive, and more 
skilled than setting type for printed 
verbal material. Photography provided 
a quick and efficient method of repro- 
ducing pictorial displays. and, in addi- 
tion, techniques of printing both line 
drawings and photographs have been 
improved to the point where the expense 
is no longer prohibitive. Consequently, 
modern textbooks and classrooms pre- 
sent a wealth of pictorial material to the 
eyes of the learner. 

The real story of the development of 
modern audiovisual techniques we shall 
reserve for a later chapter. Edison 
Paved the way with his invention of the 
Kinetoscope, a device for projecting yes 
tion pictures and the phonograph, which 
played back recorded sound. The other 
important advance was the perfection of 
methods of remote transmission of 
Sound and pictures. leading up to radio 
and television. One of the original in- 
Ventions in this area also can be at- 
tributed to Edison. He devised a word 


fransmitter, in which holes punched in 


@ paper tape generated signals that were 


transmitted over a multichannel wire 
and reproduced as a pattern of dots on 
he same 


a receiving cylinder. At about t 
ime that Bell devised a successful tele- 
Phone for oral speech, devices were de- 


veloped for transmitting handwriting by 
wire. One of these, Cassell’s Autographic 
Telegraph, utilized an electrochemical 
method which was the precursor of tele- 


vision. 


SUMMARY 


1. The evolution of communicative 
behavior patterns represents a syste- 
matic expansion of man’s abilities to 
exercise symbolic control over himself 
and his social and physical environment. 

2. The individual is considered a 
feedback-control system which possesses 
genetically defined mechanisms enabling 
it to adjust to spatial features of the en- 
vironment. In human evolution as well 
as in individual development, we see a 
progressive shift from direct control to 
symbolic control, which in time permits 
a shift from primary spatial patterning 
of behavior to symbolic conceptualiza- 
tion of time, history, and causation. 

3. Successive stages in the evolution 
of communicative patterns and_tech- 
niques were correlated with technologi- 
cal changes in behavior organization 
and progressive changes in social and 
institutional organization. The parallel 
developments reflect expansion of the 
level and sphere of human symbolic 


control. 
4. The scope of human learning and 


intelligence is defined by the level of bio- 
social evolution that has been achieved. 

5. The type of concepts developed by 
man have been limited by his patterns 
of work, communication, and symbol- 
ism. In prehistory there was a limited 
understanding of temporal causation and 
historical sequence. Thought based on 
spatial concepts became enriched by an 
understanding of temporal organization 
only after the development of writing. 
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6. Stone-Age peoples developed to- 
temic symbols which to them represented 
causative relationships between objects 
and the events with which the objects 
were associated. Rituals and magic were 
attempts to control the environment by 
symbolic means. 

7. Prehistoric drawings represented 
first objects, then instrumental relation- 
ships, operational functions, and social 
interactions. This development was cor- 
related with the level of human thought. 

8. Patterns of nonverbal communica- 
tion in the ancient cities, in graphic de- 
sign. architecture, and so forth influ- 
enced all aspects of culture and learning. 
Pictorial symbols developed into formal 
writing. 

9. After the development of writing, 
graphic design became more specialized 
but still was an important determinant 
of creative learning and thinking. 

10. Nonverbal communicative tech- 
niques have been specialized for use in 
a number of areas, including book illus- 
tration and advertising. 

ll. Verbal writing has been illus- 
trated by nonverbal displays ever since 
the early days of writing. In the develop- 
ment of book illustrations, new tools and 
techniques were all important. Modern 
books have been revolutionized by pho- 
tographic techniques, and all methods 
of printing pictures have been highly 
significant for the development of sci- 
ence and technology. 

12. Advertising displays can be traced 
back to the dawn of history and have 
always combined verbal with nonverbal 
patterns. Modern radio and television 
have obscured the dividing lines be- 


tween advertising and other aspects of 
communication and education. 
13. The earliest educational 
ments were the tools used for nonverbal 
communication and the ritualistic 
vices used by sorcerers and priests. 


instru- 
de- 


From the earliest times, educational tra- 
dition involved a dual role for the pro- 
tector of the people. Prehistoric and 
ancient education also included training 
with actual tools and work processes in 
very young children. 

14. Accurate astronomical, geographi- 
cal, and meteorological observations 
were made by prehistoric man. Tools for 
plotting space and time and mathemati- 
cal manipulations date from ancient 
times. These include calendars, maps, 
globes, planetary computers, and the 
abacus. 

15. Laboratory demonstrations and 
experiments, important nonverbal educa- 
tional techniques, have origins in rituals, 
demonstrations for public amusement, 
the use of automata, and museum dis- 
plays. The earliest science laboratories 
grew out of metallurgical testing pro- 
cedures, and developed into modern 
training and research laboratories which 
are an important source of new ideas. 
One modern development in laboratory 
training is the establishment of training 
courses for women technicians. 

16. Many tools and devices have been 
developed for classroom use since free 
schools were established more than a 
century ago, but technological develop- 
ments became more significant in recent 
years with the adoption of modern 
audiovisual techniques. 


CHAPTER 


4, 


Evolution of Human Learning: 
Verbal Communication 


The individual achievements of thinking 
man are closely interrelated with the 
achievements of the human species in 
accumulating knowledge and_transmit- 
ting the results of creative learning from 
One generation to the next. Lower ani- 
mals benefit only to the most limited 
extent from the learning of their elders. 
Man has achieved his preeminence not 
only because of progressive evolutionary 
changes. in biological make-up but be- 
Cause of the advancing level of techno- 
logical and communicative skills that 
Serve as an ever higher intellectual 


Springboard for succeeding generations. 

Of all the developments that have 
facilitated the accumulation of human 
knowledge, the most significant is that of 
Writing—the application of tool using 
to verbal communication. This achieve- 
ment, in some ways the greatest instru- 
mental invention of all time, is insep- 
arably related to the appearance of 
urban cultures, the beginning of 
recorded history, and the development 
of what modern man knows as rational 
thought. The development of writing 


occurred in the continuous evolution of 
human communication and tool using, 
but by combining the flexibility and the 
abstract symbolism of oral speech with 
the visual permanence of graphic design, 
writing crystallized the human potential. 


ORAL SPEECH 

At the dawn of history, man had 
available a wealth of communicative 
patterns, both verbal and nonverbal. He 
could represent people, places, things, 
and events pictorially and symbolize 
them totemically. Further, he had de- 
veloped methods of counting and record- 
ing the numbers of things, including the 
days, months, seasons, and years that 
marked off his activities. In some cul- 
tures, including the ancient Chinese, 
the Chaldeans, and the Peruvians, 
knotted cords were used to keep records 
and mark off the passage of time. Other 
peoples used stylized graphic time mark- 
ings on rocks, pottery, or other objects. 
All early cultures used a multitude of 
pictures, signs, and symbols for keeping 
records, for outlining rules and regula- 
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tions, for memorializing events and the 
achievements of their king-gods, and for 
magic control of the environment. 

The basic trouble with the visual com- 
municative patterns lay not in paucity 
but in abundance. To learn all the forms 
and to learn how to use them was a 
matter of a long, specialized education 
which few children were given. The mat- 
ter of standardized meanings 
problem also for there was no basic 
reference system against which the sym- 
bols could be checked from one person 
to another, from one place to another. 
and, especially, from one time to 
other. 


Was a 


an- 


In contrast to nonverbal graphic com- 
munication, oral speech was relatively 
standardized in a culture. was learned 
from infancy by all individuals, and was 
flexible enough to symbolize all the 
things, places, numbers, events, actions, 
and ideas of which a people was cogni- 
zant. Yet this limitless number of ideas 
could be expressed by using a very 
limited number of movements of the 
speech mechanisms. Certain closures or 
Partial closures of the air passages—the 
lips pressed together, the tongue against 
the teeth or the roof of the mouth, the 
nasal passage closed or open, and so on 
—defined what we know now as con- 
sonants. Certain shapes of the resonating 
cavities defined what we know as vowels, 
In any one language, prehistoric or 
modern, the number of consonants and 
vowels in standardized use is relatively 
small, yet these few movements combine 
to produce the infinitely variable pat- 
terns of speech. 

The real discovery in the evolution 
of writing was not to tell stories in 
pictures, but to develop a limited num- 
ber of graphic designs—an alphabet—to 


Tepresent in permanent visual form the 
limited number of speech movements 
that produce only a transitory pattern of 
sound. Some symbol systems known as 
writing never did achieve this break- 
through. For example, Chinese char- 
acters never became a phonetic alphabet. 
They remained difficult and cumbersome 
and never lent themselves to universal 
education or the great strides forward in 


creative sc 


ce and technology that 
have characterized Western cultures. The 
advantages of alphabetic writing lie in 
its basic simplicity, its efficiency, and its 
close correspondence with the com- 
ponents of oral speech, 

We would like to preface our dis- 
cussion of some of the early forms of 
writing with an account of the preced- 
ing evolution in the patterns of speech 
but, unlike some of the nonverbal forms 
of communication, oral speech left no 
permanent record of its course of de- 
velopment. To understand something of 
what this development must have been 
and the relation between oral and writ- 
ten verbal behavior, we shall analyze 
speech as a form of behavior and try to 
assess its significance other 
adaptive behavior patterns. 


am ong 


The Behavioral Nature of Speech 
The patterns of speech have been de- 
scribed and analyzed on many levels— 
for example, as a series of psychic events 
occurring within the mind or brain, as a 
system of linguistic forms, and as a pat- 
tern of sound that can be recorded and 
analyzed acoustically. But speech is 
primarily a form of behavior, and it can 
be described most meaningfully in terms 
of its movement patterns and their inte- 
gration. All 


vocal activity, including 
whistling, humming, singing, as well as 


Oral Speech 


verbal speech, is patterned motion made 
up of postural, transport, and fine articu- 
me movement components, It is mis- 
hg think that the organization of 
ture of 


as complex as the word struc- 

a given language, for the move- 
ent structure j i i 

Structure is far more parsimonious. 


All the 


Buage are 


diverse sounds of spoken lan- 


produced by means of inte- 


arated move 
ne ovements of a few muscle 
floups, 
The 
Movement patterns of speech have 


dee . 
he aap by Stetson (1951). who 
nilicunce 2 to appreciate fully the sig- 
Figure 4 : such a : ] analy. 
es. ti illustrates Stetson’s gene 

Sof how different muscular 


motion 


wok sey are integrated to produce 
of the ‘bs i postural control movements 
Sleg runk and diaphragm maintain ‘B 
i ure on the respiratory cavl- 


Is making possible the syllabic air 

Mo that are released by dynamic 
ve » P d 

u “Ments of the small muscles between 

t ibs—the intercostals. Superimposed 

‘Pon the 

long 


Pulseg 


of these move 


few 


ment patterns. 
According to Stetson, the muscles of 


the abdomen and diaphragm execute the 
movements that maintain the pressure 
level and mark off the breath-groups of 
speech, Movements of the intercostal 
muscles force into the upper vocal canal 
distinct pulses of air which constitute 
the syllable units of oral speech. Syllable 
pulses can be released or arrested or 
both by partial or complete closures of 


the throat, nose. or mouth. It is these 


articulations that we know as con- 
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Resonance ond ~ 
Articulation 


Tone _ 
Control 


Breoth Grouping <~ 


Pressute-— 
Control 


Figure 4.1. The speech mechanism as de- 
scribed by Stetson (1951). Oral speech is an 
integrated process of Postural (air-pressure 
generating and modulating), dynamic ballistic 
(syllable pulsing), : Hou mn move- 
ments. All of the phonetic variations in speech 
with a relatively few articulatory 
he syllable pulse. The basic 
ns of alphabetic writing cor- 
movements that articu- 


and articulation 


are made 
modulations of ¢ 
movement pattern 
closely to the 
structure of speech. Accord- 
ons of letters are related to 
ments as well as to 


] structure of a lan- 


respond y 
Jate the syllabic 
inely, combinali 
Se sch mover 
patterns of speech 

. és . . 
the cognitive or ideationa 
NaN. 

sonants. The characteristic vowel sound 
of a syllable is determined by the size 


and shape of the resonating cavities of 
the throat and mouth. Vocal tone is 
added at the larynx but does not modify 
the basic movement pattern of speech. 
In Stetson’s analysis, syllables are the 
primary units of speech, for all speech 
is made up of one or more syllables, 
The so-called phonemes, the distinctive 
sounds of speech, are produced by the 
specialized articulatory movements but 
cannot be uttered except as an inte. 
grated part of a syllable pulse. However, 
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while the consonant and vowel articula- 
tions do not occur as independent speech 
units. they supply the definitive char- 
acteristics that differentiate one syllable 
unit from another. 

In alphabetic writing, the letters and 
letter combinations represent the articu- 
that 
sonants and vowels. The correspondence 


lated movements produce con- 
is neither perfect nor complete, but as 
a form of subsyllabic notation. the 
alphabet is used to symbolize most of 
the definitive sounds of a language. 
Learning to write. then, involves learn- 
ing a limited set of manipulative move- 
ment patterns to represent the limited 
number of articulatory patterns used to 
define the syllables of oral speech. 

Oral speech also is characterized by 
rhythmic patterning and phrasing of 
groups of syllables. features that depend 
on the postural movements of the trunk 
and diaphragm and the syllable-forming 
movements of the rib cage. In w riting. 
these temporal patterns are suggested to 
a limited extent by marks of punctua- 
tion. 


Origins of Speech 

The development of speech as a pat- 
tern of human behavior is a fascinating 
subject for conjecture but for the most 
part remains cloaked in mystery. No 
known ethnic group lacks a spoken lan- 
guage, and we assume that a developing 
speech was one of the most primitive 
traits of the human species. If the use 
of words as systematic symbols de- 
veloped originally along with the sus- 
tained use of tools within a group. then 
language may be as much as a half- 
million years old. Peking Man, for ex- 
ample. lived in groups in 
360,000, years ago 


caves about 
and probably knew 


how to use fire. Anthropologists assume 
generally that speech originated at least 
as early as the late Pleistocene period— 
about 80.000 years ago—in conjunction 
with the appearance of Neanderthal man 
and other early forms in Europe and 
Africa (Critchley. 1960). 

The general evolutionary approach to 
the problem of language has prevailed 
for some time. It was noted by con- 
temporaries of Darwin that a theory of 


evolution can be applied to lang 


themselves. Like some species. certain 
languages evolve and then die out. If 


one dies. it) never reappears. Dar 


(1871) himself attributed the gene 
language to the achievement hy some 
early hominoid form of mental powers 
that the the 
apes. He believed that the use of speech 
. 


raised it’ above level of 


acted on this primitive mind. increas- 
ing the psychic capacity of man and 
making him capable of pursuing long 
trains of thought. Neo-Darwinians have 
discussed language as an aid to tool 
using in determining the survival of 
early human forms. In this context, lan- 
guage has been referred to as parasitic 
itchley, 1960). 

Because of the gross similarities be- 
the 
apes and man. it is sometimes assumed 


tween neuromuscular systems of 
that speech is mental or learned in hu- 
man individuals and has no specific 
genetic basis. Thus the ape’s inability to 
learn speech is attributed to a generally 
lower capacity for learning rather than 
to specific inadequacies in the vocal 
mechanism. This type of thinking tends 
to obscure the fact that very real genetic 
factors differentiate between the be- 
havior of man and apes. The hand of 
a gorilla looks very much like the hand 


of a man, yet the gorilla is absolutely 
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incapable of the complicated manipula- 
tive skills commonplace among men. The 
difference lies not so much in the muscu- 
lature as in the sensori-neuromotor 
mechanisms for its control. The ape is 
probably just as incapable of the fine 
articulatory patterning of human speech 
as it is of the symbolic manipulations of 
human thought. In addition, the ape 
lacks the highly mobile and expressive 
face, the gestural and constructive capa- 
bilities of the hands, and other non- 
verbal communicative patterns by means 
of which man clarifies, reinforces, and 
possibly originally generated his verbal 
speech patterns. We feel sure that the 
appearance of speech in the human 
species was related to genetic changes 
as well as to distinctive changes in be- 
havior organization. 


Theories of Language Development 

Theories of how language developed 
have been proposed since ancient times. 
In early Hebrew thinking, language was 
revealed by God. The different languages 
of man were caused by divine inter- 
vention when the descendants of Noah 
Were so presumptuous as to try to build 
the tower of Babel to heaven. The Greeks 
thought that objects have a natural 
meaning and make their names known 
directly. In the nineteenth century, Max 
Miiller ranged himself against Darwin 
and restated this mystic harmony con- 
cept of language in the form of the ding- 
dong theory (Noiré, 1917). His idea 
Was that language is a result of har- 
Monious verbal mimicking of sounds and 
events in nature. 

Other and more recent theories vary 
this idea of the harmony of language 
and nature. The onomatopoetic or bow- 
wow theory traces words to direct echo- 


ing of sounds in nature. Roback (1954) 
modified the echo idea by attempting to 
relate certain words to the mimicking of 
natural sensory properties of softness 
and hardness. 

Another type of theory stresses the im- 
portance of emotion and motivational 
states in originating vocal expressions. 
The pooh-pooh or interjection theory 
attributes sounds and words to emotional 
ejaculations of fear, surprise, and so on. 
This was a theory supported by Darwin. 
Jespersen (1922) thought speech origi- 
nated in the apes, with the songs and 
sounds of sexual mating, love, and 
jealousy. To Révész (1956), language 
represented the need for contact. 

Still another approach recognizes the 
role of gestures in the development of 
communication. This type of theory 
holds that the sounds of language origi- 
nally were by-products of movement 
which became learned associations of 
these movements in social interplay. 
Paget (1930) proposed a gesture theory 
which attributes the origins of language 
to mouth gestures and contortions that 
were associated with hand gestures and 
sign language. In this view, oral speech 
came into more general use because of 
its greater efliciency. 

Several theories of language have re- 
lated it to work activities and the cries 
used in cooperative behavior. The yo- 
heave-ho theory of Noiré (1917) stated 
that the ejaculations accompanying 
intense effort came to be associated with 
work patterns and later evolved into 
language. According to an early theory, 
words originated with a few basic 
sounds used in tool manufacture. De 
Laguna (1927) attributed language to 
the needs of social cooperation in work, 
and Diamond (1959) restated the work 
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interjection theory, with the additional 
idea that language growth depended on 
requests for assistance. Such requests 
originated the verb forms of language. 
and from these verbs. nouns were dif- 
ferentiated. Diamond presented evidence 
to show that in the evolution of language 
from early agricultural societies, there 
has been a reduction in verb forms and 
a great increase in nouns and adjectives. 

All of these theories of language de- 
velopment are hampered by what 
amounts to a single-factor approach. 
Early man very likely uttered sounds in 
relation to many types of activities and 
environmental events and developed lan- 
guage to symbolize all of them. The 
activities of tool using and social work 
probably contributed most significantly 
to the evolution of language, but any 
activity or event of importance to sur- 
vival would have generated communica- 
tive behavior. 

In our view. the development of oral 
speech is one of three major advances 
in the biosocial evolutionary process that 
defined the nature of modern man. The 
first of these was the initial use of 
eolithic tools to control the environment, 
a phase that established the original hu- 
man species, Homo erectus. This first 
primitive man evolved into Homo 
sapiens in conjunction with the expan- 
sion of tool using and the tool-making 
tradition into diversified handicraft. and 
with the systematization of oral speech 
to transmit knowledge and skills from 
parent to offspring and from one mem- 
ber of a group to another. The diversi- 
fied activities of multitooled handicraft 
in hunting and _ prehistoric agriculture 
were instrumental jn producing the 
thousands of words found in primitive 
languages. The third main phase of 


man’s evolutionary process was the crea- 
tion of writing in the ancient temple- 
building cultures. 

Sounds that functioned as words un- 
doubtedly were used by Homo erectus, 
but. in our view, systematic languages 
evolved along with the work diversifica- 
tion of tribal handicraft as erect man 
became thinking man. Finally, the de- 
velopment of writing launched the epoch 
of recorded history and set the stage for 
the civilized nature of modern man. 


ORIGINS OF WRITING 


One of the fascinating aspects of hu- 
man development is the apparent fact 
that writing was developed independ- 
ently during the same general period by 
the Sumerians, Egyptians, East Indians. 
and Chinese. All of these cultures had 
achieved a high level of pictorial repre- 
sentation and organization of work at 
the time that systematized forms of 
Writing appeared. But of these original 
innovators, only the Egyptians developed 
a system of writing phonetic letters 
within their own tradition. We do not 
know the reasons for this superior 
achievement by the Egyptians. It may 
have been related to a higher level of 
work organization, a more advanced 
level of development of oral speech, or 
other factors. It is possible that there 
Was a greater movement of foreigners in 
and out of the Egyptian cities at the time 
their writing was being developed, lead- 
ing to efforts to provide a phonetic nota- 
tion in writing for those unfamiliar with 
the symbolic tradition. 


Chinese Ideograms 


In contrast to Egyptian and Near 
Eastern forms of writing, which either 
incorporated or lost out to phonetic 
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letter notations thousands of years ago, 
Chinese writing continued to use signs 
for words from its beginnings to the 
present day. Thus. instead of reducing 
the number of different symbols needed 
for writing, as happened with alphabetic 
forms, the Chinese continued to develop 
new word-signs through the centuries to 
keep pace with their developing ideas. 
The first written language in China 
dates from almost 5000 years ago, when 
a system of graphic signs was developed 
which represented some elements of oral 
speech. This system utilized sets of hori- 
zontal bars in different arrangements, 


and is said to survive still in the graphic 
notations of the soothsayers (Cohen, 


1958). Classic Chinese was 
based originally on pictographs. and is 
dated traditionally from about 2500 B.c. 
Up until about 200 B.c., the realistic 
features of the characters gradually dis- 
appeared, and classic Chinese writing. 
much as it exists today. was evolved in 
the era of the Han. from 200 B.c. to 200 
a.d. By the eighth century. the Chinese 
were engraving whole pages of char- 
acters on blocks of wood and printing 
them, anticipating the introduction of 
printing in Europe by hundreds of years. 
In the eleventh century, a Chinese de- 
veloped the technique of using movable 
type. but the process did not spread 
directly to Western countries. 

The individual characters of Chinese 
writing are each inscribed in an ideal 


writing 


square of constant size and are arranged 
in vertical columns which are read from 
top to bottom, proceeding from the right 
column on a page toward the left. All 
words are composed of a single syllable, 
and each character represents a specific 
word. Some characters are simple ideo- 
grams, representing specific objects or 


things, other ideas connected to the 
original object or thing. or abstract 
ideas or qualities derived from a char- 
acter that symbolizes the idea. Certain 
other ideas, principally abstractions, are 
represented by combining two simple 
ideograms; for example. the characters 
signifying work and action when com- 
bined in a single character would signify 
to get to work or to attack. Then in some 
cases a simple ideogram is used to repre- 
sent a word that sounds the same as the 
original thing represented by the char- 
acter. Thus a type of phonetic repre- 
sentation was introduced into Chinese 
writing, and this phonetic classification 
of words is one important principle for 
constructing Chinese characters. How- 
ever, most characters also are identified 
ideologically as well as phonogrammati- 
cally. According to Cohen (1958), 
fully ninety percent of Chinese char- 
acters are sign-complexes made up of a 
phonogram, indicating roughly the pro- 
nunciation of the word, plus an ideo- 
gram which indicates the category of 
meaning to which the word belongs. 
There are of the order of 214 of these 
keys indicating categories of meaning. 
Either the phonograms or the key ideo- 
grams can be used independently to 
indicate specific words. 

Since Chinese characters represent 
words, a new sign had to be developed 
to represent every word in the written 
language. Accordingly, the proliferation 
of the Chinese written vocabulary more 
than any other form of writing tells us 
something about the elaboration of ideas 
in a developing complex society. Accord- 
ing to Cohen, a Chinese dictionary com- 
posed in the year 100 a.p. had 9353 
distinct signs and another in the sixth 
century, 24,000 signs. An official diction- 
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ary in 1716 listed some 50,000 explained 
signs, but historical and scholarly works 
include as many as 80,000 signs. Thus 
there has been perhaps a tenfold increase 
in the number of Chinese sign-ideas 
during the course of about 2000 years. 
Current usage by an average person 
necessitates knowledge of 6000 to 8000 
distinct characters. Learning to read and 
write his classical language is an im- 
measurably more tedious process for a 
Chinese child than for a Western child 
who can begin to construct meaningful 
verbal writing with a few different letter 
symbols. 

Although China has a great scholarly 
tradition, its written language remained 
cumbersome and inefficient. In the mod- 
ern period there have been some efforts 
to introduce alphabetic symbols, not to 
displace the traditional characters, how- 
ever, but to aid in identifying them. It 
is interesting to speculate why this old 
culture never developed a phonetic 
alphabet of its own. Our guess is that the 
evolution of writing in all cultures has 
been intimately tied in with the evolu- 
tion of work processes and social or- 
ganization so that developments in one 
area feed back to stimulate developments 
in another. In Egypt and the Near East, 
highly complicated urban societies with 
diversified work patterns were associated 
with the development of efficient written 
languages. In China, the organization of 
work remained essentially at the village 
level almost to the present day, and the 
impetus for modern change came not 
from within the culture but from with- 
out. Writing in China was used prin- 
cipally for religious, scholarly, and 
artistic pursuits. It served to set the 
religious or moral or cultural tone of 
the society but for the most part was not 


needed by ordinary people to carry on 
their day-to-day affairs. Thus the lag 
in social and work evolution in China 
was reflected in the relative inefficiency 
of their writing techniques. 


Cuneiform Writing 

Although we can trace some of the 
most important stages in the develop- 
ment of our modern alphabetic writing 
system, the full story of human efforts 
and achievements in this area never will 
be known. The clearest ancient records 
presently available for examination are 
from Sumer and Egypt, whose symbolic 
notations and their progressive modifi- 
cations have been known for many 
years. As long ago as 4000 to 3000 B.c., 
the temple cities of Sumer were using a 
system of writing that developed into 
what is called cuneiform, named for the 
wedge-shaped characters that were made 
with specific pointed reed imprinting 
tools. A typical Sumerian written record 
was a tablet or brick made of clay, im- 
printed with the cuneiform characters, 
and then hardened in the sun or baked 
in a kiln. This form of writing was 
modified and used by the Babylonians, 
Assyrians, and other Middle Eastern 
cultures for several thousand years. 
Bricks and tablets have been found that 
are imprinted with a variety of informa- 
tion, including allusions to astronomical 
phenomena and other information that 
might have been records of tides and 
floods. 

The small clay cone shown in Figure 
4.2 is imprinted with Babylonian cunei- 
form writing and dates from about 
2300 B.c. It is suspected to be a training 
tablet because it contains writing also 
found on larger tablets. Tablets of this 
sort have been found in many forms— 
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some round, some square, some rec- 
tangular. 

In the beginning, cuneiform writing 
may have been based on pictographs, 
but the method of pegging clay to form 
the triangular and linear symbols greatly 
modified the form processes involved so 
that it eventually appeared as a series 
of wedge-shaped triangles interlaced 
with lines. Originally, each cuneiform 
symbol represented an idea or its equiva- 
lent word. Several of these symbols with 
their meanings are shown in Figure 4.3. 

It is also possible that the nonpictorial 
quality of cuneiform symbols was due 
to graphic origins that were nonpictorial 
in character—for example, simplified 
abstract markings used for the purpose 
of record-keeping, time and event mark- 
ing, and so on. There was much building 
in the temple cities, and much business 


Figure 4.2. An ancient teaching instrument 
—a clay cone with Babylonian cuneiform writ- 
ing. (Courtesy of Prof. Menahem Mansoor.) 


and trade. It is very likely that non- 
pictorial records were kept in all of these 
activities for a variety of purposes. Con- 
sequently, the cuneiform symbols may 
not have been entirely pictographic in 
origin. In any event, this system of writ- 
ing eventually died out, to be replaced 
by the more efficient alphabetic forms. 
Although there was no continuous de- 
velopment based on this ancient Su- 
merian technique that has extended to 
the present day, cuneiform writing may 
have had some influence on other forms 
that were evolving. As cuneiform writ- 
ing developed in various cultures, some 
of the signs represented syllables and 
thus had a phonetic quality, although 
they were not used to represent indi- 
vidual consonants. There is also some 
indication that late cuneiform systems 
contained signs related to the vowel 
sounds. If so, this type of notation might 
have influenced the development of 
vowel-consonant alphabets in the Near 


East. 


Figure 4.3. Cuneiform symbols with their 
approximate English equivalents. Cuneiform 
writing is thought to be of pictographic 
origin, although it may have been derived in 
part from abstract symbols used for counting, 
time and event marking, and so forth. 


To Throw 
Down 


90 VERBAL COMMUNICATION 


Egyptian Hieroglyphics 

While the Sumerians and Babylonians 
were keeping their records and me- 
morializing their great events with cunei- 
form symbols, the ancient Egyptians 
were evolving a form of writing that was 
to have great significance for the entire 
civilized world. The name that we gen- 
erally apply to Egyptian symbols reveals 
something about their original function 
as well as the original technique of 
producing them. Hieroglyph means liter- 
ally a sacred carving. and the original hi- 
eroglyphic inscriptions were beautifully 
engraved on tombs, temples, monuments, 
tools, and so on to record the sacred 
activities of the king-gods and related 
notable events. 

The first hieroglyphic symbols were 
recognizable pictures which represented 
people, objects, actions and events. Wolf 
(1954) notes that the ancient Egyptians’ 
first dim awareness of the course of his- 
tory was occasioned by the marking of 
tools or plaques with semipictorial rep- 
resentations of notable events. Gradu- 
ally the pictures became more abstract 
and were assigned general symbolic 
rather than literal meanings. The uses 
of hieroglyphic writing were extended 
from monumental purposes to the day- 
to-day needs of the people, both re- 
ligious and secular. Egypt’s formal edu- 
cational tradition indicates the useful- 
ness of their developing written language 
and their over-all progress in science and 
arts. Figure 4.4 pictures a scribe writing 
on a tablet with a stylus while the man 
to the right is using a balance to meas- 
ure weights. The symbols above the two 
are hieroglyphs of the Fifth Dynasty, or 
about 2300 B.c. 


Figure 4.4. 
Dynasty, about 2300 n.c. (Courtesy of the 
Cairo Museum.) 


Egyptian writing from the fifth 


In the course of Egypt’s history. 
hieroglyphic writing was simplified to 
two other forms, known as hieratic writ- 
ing. and demotic writing. Hieratic writ- 
ing was used for religious matters, while 
demotic writing, literally the writing of 
the people, was used for ordinary affairs 
of the professions, business, and trade. 
Examples of the three forms of Egyptian 
writing are shown in Figure 4.5. 

Almost from the beginning, Egyptian 
writing was both ideographic and 
phonetic in character—that is, its signs 
represented both ideas and the sounds 
of speech. A hieroglyph representing a 
definite object might stand also for some- 
thing else similar in meaning or quite 
a different object that was pronounced 
the same. For example, the English 
words sun and son might be represented 


Figure 4.5. Forms of ancient Egyptian writ- 


ing. a. Hieroglyphic. 6. Hieratic. c. Demotic. 
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hieroglyphically by the same symbol, 
but the symbol for sun might also repre- 
sent day. Such a method of writing, 
where symbols were transferred both 
according to meaning and according to 
sound, would have been very confus- 
ing had not the Egyptians adopted cer- 
tain complementary symbols. Alongside 
their hieroglyphs they inserted extra 
signs to indicate categories of meaning, 
analogous to the Chinese keys, and— 
more importantly—other signs to specify 
pronunciation. At different times in 
Egyptian history, up to about thirty of 
these phonetic signs were used to indi- 
cate one or more consonants. Although 
the Egyptians never learned to indicate 
vowels, their phonetic system of writing 
was reasonably accurate and used only 
some hundreds of signs in contrast to 
the thousands that make up the Chinese 
written language. 

The Egyptians also introduced an im- 
portant technological improvement into 
writing—the development of papyrus as 
a writing material. Papyrus is a tall 
grass-like plant that grew in marshy 
areas near the Nile. By slicing the mar- 
row of the papyrus shoot into thin strips, 
criss-crossing the strips and then beat- 
ing them into a sheet. the Egyptians 
made a splendid ivory-colored paper. 
Papyrus was by far the most efficient 
writing material yet discovered. It could 
be marked with a brush or reed pen with 
pigment or ink. Sheets of papyrus were 
stuck together and rolled into the first 


scroll books. But more importantly, 
anged the whole 


writing on papyrus ch 
making 


organization of writing motions, 
them simpler and more efficient. A cur- 
sive script style of writing was developed 
that has been refined and improved to 
the present day. Writing on papyrus 


with pen or brush probably did much 
to develop the simplified hieratic and 
demotic styles of writing that were to re- 
place the hieroglyphic pictures in ordi- 
nary usage. 


PHONETIC WRITING 


Although the Egyptians wrote letters, 
they did not abandon the use of ideo- 
graphs and thus did not develop a true 
alphabetic system. Alphabetic writing 
involves only phonetic representation, 
with no ideographic signs at all. This 
development occurred in Asia Minor and 
later in Greece. An intermediate phase 
was the use of syllabic writing in some 
cultures of the eastern Mediterranean re- 
gion. Our discussion of these develop- 
ments is based principally on Cohen 
(1958). 


Syllabie Writing 

The use of signs to represent syllables, 
usually a consonant-vowel combination, 
is of very ancient origin and evolved 
originally in an ideographic context. 
Cuneiform writing used some syllabic 
notations, and the phonograms in 
Chinese writing roughly approximate 
syllables. However, there were some 
systems of writing in the eastern Medi- 
terranean and Near East which re- 
linquished all use of ideograms and 
used signs that represented only phonetic 
syllables. 

One culture that certainly used syl- 
labic some extent was 
ancient Crete. There are several types 
of writing that have been discovered in 
Crete. corresponding to periods of 
Cretan history from about 3000 to 1200 
g.c. Although the earlier inscriptions 
have not been deciphered satisfactorily, 
it appears that there was a progressive 


notation to 
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evolution from hieroglyphic writing to 
syllabic writing. The most recent type 
of Cretan writing is known as linear, 
a cursive form that includes the so- 
called linear A (around 1800 to 1400 
B.c.) and linear B (1450 to 1200 B.c.). 
Linear A includes some 130 signs, of 
which perhaps a third are believed to 
be ideograms and the rest syllabic 
phonograms. Linear B is further sim- 
plified, including only about 80 signs. 

The linear script in Crete undoubtedly 
was influenced by Semitic and Egyptian 
writing, for this island in the eastern 
Mediterranean had trade relations with 
all the early seafaring peoples. Linear B 
was used after Greece had invaded 
Crete. and its current interpreters read 
this script in the Greek language. 

A syllabic writing that is thought to 
be related to Cretan writing has been 
found on the island of Cyprus. This is 
an entirely phonetic system that utilized 
a syllabary (analogous to alphabet) of 
fifty-five signs. Most of these represent 
a consonant followed by a vowel. Thus 
there are signs for va, ve, vi. vo, ra. re. 
ri, ro, ru, and so on, A syllabary of this 
order of complexity—that is, fifty-five 
signs—can _ represent many phonetic 
combinations, but still is not as efficient 
as an alphabet. For twenty-five to thirty 
alphabetic characters can combine to 
represent far more than fifty-five syl- 
lables. 


Consonant Alphabets 


The first phonetic alphabets were orig- 
inated by Semitic peoples of Asia 
Minor sometime between 2000 and 1000 
p.c. The oldest inscriptions that have 
been found in alphabetic writing clearly 
show the influence of Egyptian hiero- 
glyphs. and some show some relation to 


cuneiform writing. But a real break had 
been made with these more ancient tra- 
ditions by constructing a limited set of 
signs which corresponded to the con- 
sonants of oral speech. There are some 
who believe that this development was 
a deliberate invention by seafaring 
traders who needed an efficient system 
of writing with which to deal with peo- 
ples who used a number of different 
spoken languages. 

Traditionally, the consonantal alpha- 
bet that spread to the West is attributed 
to the Phoenicians, whose language is 
also called Canaanean. However, there 
are inscriptions dating from before 1000 
B.c., including Paleosinaitic and Ugari- 
tic, which are in somewhat different 
alphabetic form although they show 
many similarities to Phoenician writing. 
It is not known for certain whether a 
consonantal alphabet was developed just 
once in Asia Minor and was modified 
into various forms, or whether several 
alphabets. showing interrelationships, 
were constructed at about the same time 
in history. 

Phoenician or Canaanean writing was 
used not only by the Phoenicians in the 
centuries just prior to the Christian era 
but also by the Hebrews, Moabites, and 
Samaritans to write their own languages. 
In each tradition, the numbers and 
forms of the letters were subject to pro- 
gressive modification, until the various 
alphabets became very different in su- 
perficial appearance. However, the He- 
brew alphabet and our own can be 
traced back to a common source. Vari- 
ous forms of writing used by the Ara- 
bian peoples and by East Indians also 
stem from the ancient consonantal al- 
phabets of Asia Minor. 

Although our designation alphabet 
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comes from alpha and beta, the first two 
characters of the Greek alphabet, the 
names of the letters go back to Hebrew 
and Aramaic and undoubtedly came to 
them from the Phoenicians. Most of the 
names of the letters can be traced to 
words in the various Semitic languages. 


Vocalic Alphabet 

The eventual development of the vo- 
calic (consonant-vowel) alphabet is at- 
tributed to the Greeks, who might have 
appeared to be an unlikely source for 
this significant advance. The Greeks 
were an Indo-European people who came 
to the lower Balkan Peninsula and the 
islands of the Aegean Sea more than a 
thousand years before the Christian era. 
They brought no writing system of their 
own, but some time around 1000 B.c. 
they borrowed the Phoenician Semitic 
form of consonant writing, added vowel 
characters to it, and thus completed the 
alphabet. 

The interchange between Greeks and 
Phoenicians probably was due to Phoe- 
nician navigators who aided or exploited 
the Greeks in trade. The main focus of 
their interchange may very well have 
been the island of Crete, which had one 
of the most brilliantly advanced civiliza- 
tions of the era. The various forms of 
Cretan writing show both Egyptian and 
Semitic influences, and the Greeks who 
invaded this island undoubtedly came 
into contact with all of the languages 
and forms of writing of the Near East. 
Lacking a pictographic or graphic tradi- 
tion of their own, the Greeks used both 
the syllabic writing of the Cretans and 
the alphabetic writing of the Semites and 
finally adopted the latter as the more 
efficient and flexibile for use in keeping 
records and accounts in their cosmopoli- 


tan centers. Their introduction of vowel 
signs to the alphabet probably was a 
matter of necessity. Having developed no 
pictorial methods of conceptualization, 
the Greeks were hampered in using a 
system of writing until they made it con- 
form more closely to the sounds of 
speech than was possible with consonants 
alone. The peoples who had developed 
writing originally drew upon their non- 
verbal graphic traditions to add mean- 
ing to their symbols; when the Greeks 
borrowed writing, they gave it meaning 
by relating it closely to the patterns of 
oral speech. 

The Greek form of writing, which was 
to determine subsequent systems in the 
entire Western world, evolved gradually 
and cannot be dated precisely, but its 
dependence on Semitic alphabetic writ- 
ing cannot be doubted. Greek inscrip- 
tions dating from the eighth century B.c. 
show separately outlined characters that 
resemble Phoenician letters very closely. 
Some of the Greek names for letters re- 
semble Semitic names for letters, and 
the order of the letters in the alphabet 
approximates that used in the Hebrew 
tradition. Early Greek writing was from 
right to left, as in Semitic writing, al- 
though examples have been found that 
alternate directions back and forth in the 
style called boustrophedon (“on return 
of ox,” as in plowing a field). Later the 
Greeks changed the direction of their 
writing to the left-to-right style that we 
use today. At first Greek writing ran all 
the letters together, as in the inscription 
shown in Figure 4.6, but later Greek 
writing separated words and adopted 
some marks of punctuation. 

By the time the Greeks learned to 
write, the Egyptian technical processes 
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Figure 4.6. A Greek inscription from the 


fifth century B.c., read from left to right. The 
words are not separated. (From Cohen. La 
grande invention de l'écriture et son évolution. 
Paris: Imprimerie Nationale, 1958.) 


of using ink had spread throughout the 
Mediterranean world. Hellenic scribes 
wrote with ink on shells and other sur- 
faces and with stillettos on waxed sur- 
faces. They wrote on leather and ap- 
parently on papyrus, but the climate of 
this part of the world, unlike the dry 


lands of Egypt, did not preserve these 
precious early records. From the ava- 
lanching nature of the expansion of 
Greek thought, we would judge that 
there was a far more extensive practice 
of writing in this culture than in any 
prior civilization. 

In the evolution of what may be man- 
kind’s greatest invention—writing—the 
Greeks occupy an anomalous position. 
They entered late upon the scene, bor- 
rowed an efficient alphabet which had 
originated quite outside their own tradi- 
tion, and then supplied what might seem 
to be minor additions—the signs for 
vowels. But by this contribution, the 
Greeks were to make possible the bril- 
liant potentialities of the written word, 
not only in keeping records but also in 
stimulating creative expressive literature 
and scientific thought. For just as we 
owe our style of writing to the Greeks, 
we trace to them our cultural and in- 
tellectual heritage. 

The evolution of the alphabet and its 
reciprocal relationships with human 
progress make a fascinating account of 
human motives and adaptive processes. 
Our own interpretation of the develop- 
ment of the Semitic and the Greek al- 
phabets stresses several factors. First, 
we recognize the fact that this general 
advance in writing technique accom- 
panied major changes in social and cul- 
tural organization. It was a period when 
the ancient temple civilizations were be- 
ing transformed from building cultures 
into competing mercantile systems. The 
first machines of civilization were being 
adapted to work. Codes of laws were be- 
ing refined, and the professions were 
being differentiated. For the first time 
in the long stretch of human evolution, 


_ 
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teachers, lawyers, scribes, and business 
men required a formal education to 
serve their own needs. The very exist- 
ence of a civilization such as this de- 
pended on educating many individu- 
als rapidly and efficiently. This task 
required a style of writing in which the 
written symbols automatically repre- 
sented the movements of oral speech, so 
that the problems of daily living could 
be approached with equivalent behavior 
patterns of speaking. writing, and proc- 
esses of thought. 

Another factor that influenced the 
Semites toward the development of a 
phonetic alphabet was their traditional 
rejection of the use of idols and graphic 
representation. Yet they were concerned 
with their origins, with the historical 
process, and with law and order. To 
write, they had to borrow—from the 
Egyptians and perhaps from others—but 
instead of borrowing picture symbols 
they adapted or evolved abstract signs 
and notations which could be related to 
oral speech. 

A third factor that influenced the de- 
velopment of the alphabet was the nature 
of teaching in the various ancient cul- 
tures. Where the priests controlled edu- 
cation, the original sacred forms of writ- 
ing persisted. But the Phoenicians used 
writing more to promote their trades 
and professions. In the interests of effi- 
ciency and communication with other 
peoples, they perfected the techniques of 
phonetic notation. The introduction of 
the vowel signs by the Greeks very likely 
was motivated by the same needs in trad- 
ing with teaching others. As 
Cohen points out, the advanced Near 
Eastern cultures must have recognized 
the differences between alphabetic nota- 
tion and the older more cumbersome 


and 


styles and deliberately developed the 
more efficient style. 

Alphabetic writing apparently was 
used for hundreds of years in trade and 
mercantile record keeping before a real 
literature and poetry were developed. It 
is our opinion that expressive literature 
was made possible by the Greeks’ vocalic 
alphabet. The incomplete consonantal al- 
phabet was adequate for record keeping 
and the needs of the marketplace. where 
the context reinforced the meaning of 
the symbols, but the addition of vowels 
provided writing with the flexibility and 
thus the creativity of oral speech. 
Thenceforth the written word provided 
as unrestricted a mode of communica- 
tion as the spoken word. Thus the Greek 
alphabet provided more than a technique 
of preserving the words of creative men; 
it stimulated the development of entirely 
new verbal talents. 


HUMAN FACTORS ANALYSIS 
OF WRITING 

The evolution of the written languages 
of the world—their style, efficiency, and 
adaptability to human needs—has been 
inextricably tied in with the develop- 
ment of writing instruments and ma- 
terials. As we already have indicated, it 
was probaby more than a coincidence 
that the first really efficient written lan- 
guage developed concurrently in Egypt 
with the development of the first good 
writing material—paper. Today 
pens. pencils, and paper are so common- 


our 


place that we tend not to realize how 
much the tools structure the writing be- 
havior, and, conversely, how much the 
human factors of behavior organization 
have influenced the success and failure 
of the different techniques and styles of 
writing. 
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Writing Techniques 

During the long course of history, 
man has written with many tools and on 
many different surfaces. The Sumerians 
used cut reeds to mark clay. The ancient 
Egyptians used chisels and knives to 
carve rock and wood. Stone, metal, 
ivory, wax tablets, and bamboo have 
been marked or engraved. Pigments, lac- 
quers, and soot-and-water inks have been 
applied with sticks, brushes, and _ stiff 
reed pens to bark and palm leaves, to 
sheep and goat skins, to silk and linen, 
and to papyrus and other forms of pa- 
per. Some of these techniques are shown 
in Figure 4.7. 

When the symbols of writing were 
executed individually, by cutting, im- 
printing, or stroking with a brush, the 
direction in which they were to be read 
varied considerably. In different kinds 
of writing, the symbols proceeded from 
left to right, right to left, back and forth, 
top to bottom, bottom to top, or even 
in a spiral. Hebrew symbols, for exam- 
ple, are read from right to left; Chinese 
symbols usually go up and down, as did 
some early Egyptian inscriptions. But 
eventually the Greeks developed an easy, 
cursive, paper-and-ink style of writing, 
proceeding in a line from left to right— 
the easiest writing movement pattern to 
execute with the right hand and the easi- 
est to check visually, as the hand moves 
along. 

The style of writing developed by the 
Semites and modified by the Greeks 
spread throughout the civilized areas of 
the Near East and western Europe be- 
fore 500 B.c. Important documents, or 
at least most of the documents that have 
survived, were written on parchment or 


Figure 4.7. Some early writing techniques. 
a. and b. Egyptians writing with reed. c. Jap- 
anese using brush and ink. d. Chinese method 
of using brush and ink. Lamp black molded 
into a stick with gum or gluten is rubbed in 
water on an ink stone. (@ from Knight (ed.) 
The arts and industry of all nations. London: 
Dutton, 1860, 2 vols.; b and c from Butter- 
worth (ed.) The growth of industrial art. 
Washington, D.C.: U.S. Government Printing 
Office, 1892; d from Carter. The inven- 
tion of printing in China and its spread west- 
ward. (Rev. ed.) New York: Columbia Uni- 
versity Press, 1931.) 
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the finer-grained vellum, but papyrus 
was used widely for many kinds of rec- 
ords and scroll books. Stiff reed pens 
and brushes were used as writing in- 
struments, and split pen points similar 
to our own may have been used in the 
Near East. The different designs of writ- 
ing implements in different localities 
probably helped to determine the great 
variations in writing style that emerged 
among the numerous cultures of the 
Near East and ancient Europe. 

The next important advance in the 
development of writing tools with related 
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changes in the movement coordinations 
of writing came centuries after the de- 
cline of Greece and Rome, with the in- 
troduction of the quill pen. Beckmann 
(1846) dates the development of the 
goose-quill pen in the seventh century 
and cites two references for its use at 
this time. The first picture showing 
goose-quill pens in use dates from the 
ninth century. The modern split-point 
metal pen was developed toward the end 
of the eighteenth century, and within a 
few years many millions of steel pen 
points were being produced annually in 
England (Beckmann, 1846). No further 
important changes were made in ink- 
writing pen points until the introduction 
of ballpoints in the 1940s. 

Our most common writing instrument, 
the so-called lead pencil, was developed 
early in the seventeenth century after 
the first deposit of graphite was dis- 
covered accidentally in Elizabethan Eng- 
land. Graphite was known as black lead 
and was considered so valuable at first 
that the mine owners instituted methods 
of guarding and examining workers not 
unlike those used in gold mines. Miners 
changed clothes going in and out of the 
mine, and those who sorted the graphite 
were guarded carefully. For over two 
centuries, this original mine was worked 
only about once in seven years to ob- 
tain a supply of black lead for pencils. 
In the nineteenth century, it was worked 
several weeks each year to produce 
enough graphite to meet market de- 
mands. 

Fully as important as a good instru- 
ment to the art of writing was a good 
not too cumbersome and 
stern world, 
used 


writing surface, 
not too expensive. In the We 


parchment papyrus were 


and 


throughout most of the Middle Ages, al- 
though a far cheaper and more efficient 
material had been invented in China 
early in the Christian era. In 105 a.p., 
a method of making paper of tree bark, 
hemp, fish nets, and rags—a method 
which is basically similar to modern 
paper making of cellulose fibers—was 
reported to the Chinese emperor. The 
use of paper spread rapidly throughout 
China, and the method was taught to 
Arabians at Samarkand by Chinese cap- 
tives in 751. Throughout the next sev- 
eral centuries, the use and manufacture 
of paper spread throughout the Moslem 
world and displaced papyrus even in the 
country of its origin, Egypt, by about 
the end of the tenth century. 

Although Arabian papers were im- 
ported into Europe from the Middle 
East, the secret of manufacture traveled 
to Europe indirectly, from Egypt to Mo- 
rocco and thence to Spain, where the 
Arabs were manufacturing paper in the 
twelfth century. The first recorded paper 
mill in Christian Europe was set up in 
1189 at Hérault, France. Other early 
paper-making factories were established 
in Italy in 1276, in Germany in 1391, 
in England in 1494, and in Philadelphia 
in 1690. Paper achieved its full signifi- 
cance in Europe only with the invention 
of printing, but when Europeans adopted 
paper for their printed books, they also 
adopted it for writing by hand. 

Pencils, pens, and paper have become 
so inexpensive that we forget their in- 
trinsic value, but this was not always so. 
Writers in the Middle Ages, when good 
tools were hard to come by, valued a 
good pen and writing materials as ex- 
traordinary possessions, to be guarded 
and kept throughout their lifetime. 
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Mechanization of the Scribe 


It is only too obvious that our present 
accumulation of written verbal knowl- 
edge and its wide distribution would 
never have been achieved by scribes 
writing by hand, however efficient their 
pens and pencils. The European develop- 
ment of printing with movable type in 
the fifteenth century revolutionized not 
only the art of bookmaking but our en- 
tire Western culture. The Phoenicians 
and Greeks invented alphabetic writing, 
but the Europeans mechanized it. 

For centuries after books were printed, 
however, private writing still was carried 
out by hand. Young men of professional 
ability sometimes Spent years acting as 
secretaries, writing out letters and rec- 
ords in a carefully executed longhand 
script in which they took great pride. 
The invention of the typewriter in the 
nineteenth century almost abolished the 
work role of professional scribes and, 
along with systems of shorthand, dictat- 
ing machines, and so forth, increased the 
output of a Secretary many times over. 

The educational Significance of these 
and related technological developments 
is quite apparent, for the Western dream 
of universal education has hinged on 
our ability to reproduce written material 
quickly and in large quantities. It is less 
well recognized, however, that mech- 
anized writing has been successful in the 
Western world only because our style 
of alphabetic writing lends itself to effi- 
cient duplication. The Chinese invented 
a printing process many centuries ago, 
and even printed from movable types 
more than three centuries before this 
process was used in Europe, but it did 
not have the same impact in China that 


it was to have on the Western world. 
The apparent explanation is that the 
many characters in Chinese writing 
make typesetting far more difficult than 
an alphabet of twenty-six or so letters. 
And a typewriter, as we know it, would 
be out of the question. In writing as well 
as in other areas of human achievement. 
an efficient instrumental process stimu- 
lated further technological advances, 
whereas an inefficient process was rela- 
tively nonproductive. 


Writing for the Blind 


We begin to appreciate the interac- 
tions between human factors and instru- 
mental processes when we come across 
a case in which the two are incompati- 
ble. For example, consider the factors 
involved in teaching the blind to read 
and write. Up until fairly recent times, 
attempts to educate the blind were ham- 
pered by the inappropriateness of writ- 
ing and printing developed by and for 
seeing individuals for use by persons 
without sight. 

In schools for the blind in the nine- 
teenth century, especially those in Paris 
and Edinburgh, two different approaches 
were used to train blind children in al- 
phabetic reading and writing. One ap- 
proach was to keep the same letter forms 
that make up our visual alphabet but to 
present them in such a way that they 
could be discriminated tactually. Mova- 
ble letter blocks were used, and letters 
printed in relief. Another technique was 
to stick pins into large pin cushions to 
outline the letter forms in a kind of 
corrugated texture. None of these meth- 
ods had notable success. 

The other approach was to break 
away from the forms of the visual al- 
phabet and devise a tactual alphabet that 
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the blind children could learn efficiently. 
In the Edinburgh Blind Asylum, an al- 
phabet was devised of angular symbols, 
some of which duplicated standard let- 
ters and some of which differed con- 
siderably. Two teachers at Edinburgh 
also developed a_ string alphabet, in 
which knots of different kinds arranged 
in different patterns on a string repre- 
sented numbers and letters. These al- 
phabets are illustrated in Figure 4.8. 
The most successful method, which is 
in common use today, was developed by 
Louis Braille in Paris from about 1840 
to 1852. Braille devised an alphabet and 
number system in which each letter and 
number is represented by a specific pat- 
tern of dots printed in relief on. stiff 


paper or plastic. 


READING, BOOKS, AND LEARNING 

The primary instrument guiding or- 
ganization of learning in reading is the 
book. Books are so well known to us 
that we forget that they are teaching de- 
vices based on principles of technical, 


Figure 4.8. Tactual alphabets developed at 
Edinburgh Blind Asylum in the nineteenth 
century. (From Knight (ed.) The arts and 
industry of all nations. London: Dutton, 
2 vols.) 
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artistic, and behavioral design, which 
have evolved to their present form from 
very different origins. The first books 
were clay, wood, and stone tablets, such 
as the cuneiform tablet in Figure 4.9a. 
The Egyptians established a literature 
of a sort and professional scientific 
works written in scroll book form. Other 
types of books were developed in an- 
cient times in other parts of the world. 
The Chinese bound sheaves of bamboo 
strips by perforating them at one end 
and stringing them on cords or thongs, 
and the Indians bound palm leaves into 
books. Several types of Chinese books 
are shown in Figure 4.9b. Books as we 
know them are not over seven or eight 
hundred years old. 

Recently discovered Hebrew religious 
tracts, long hidden in caves on the edge 
of the Judean desert, give us a clear idea 
of the nature of scroll books just prior 
to the Christian era. The Book of Isaiah 
in Figure 4.10 shows letters of a square 
design which later were adapted for the 
first printed Hebrew Bibles. At a later 
time. the Hebrews made bound wooden 
books with thongs or rings through 
which rods were passed. Similar bound 
books made of flat wooden boards, such 
as Runic Almanacs, were made in north- 
ern Europe and the British Isles. The 
Greeks and Romans collected sheaves of 

archment and tied them into books. 
Both scroll and bound tablet types of 
books were found in the excavated ruins 
of Pompeii. 

Written books were not produced in 
northern Europe to any significant ex- 
tent until the seventh and eighth cen- 
turies, when monastic scribes began to 
reproduce, in their finest scripts, the an- 
cient and comparatively crude manu- 
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Figure 4.9, Precursors of modern books. 
a. Cuneiform stone tablets from about 2300 
8.c. 6, Evolution of the book in China, showing 
a silk roll (lower right), a paper roll (lower 
left), a folded paper book, and a stitched book 
bound in boards. (a courtesy of Prof. Mena- 
hem Mansoor; 6 from Carter. The invention 
of printing in China and its spread westward. 
(Rev. ed.) New York: Columbia University 
Press, 1931.) 
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scripts that they possessed. European 
monastic writing from the tenth to the 
fourteenth century led to a standardized 
writing style which later was to define 
the format and type used in printing. 
Books written laboriously by hand were 
the distinctive products of individual 
scribes who devoted months and even 
years to single volumes. After the scribe 
had finished, decorative capital letters, 
borders, and _ illustrations (rubrication 
and illumination) were added by other 
artists. The old books were colorful and 
frequently glowed with pure gold within 
and without. Leather bindings frequently 
were tooled and inlaid with precious 
metals and jewels, and each volume be- 
came a jealously guarded addition to 
the library of a monastery, church, or 
castle stronghold. 

In the thirteenth and fourteenth cen- 
turies, the work of most European 
scribes centered on the writing of Bibles, 
especially pocket-sized volumes in the 
tiniest possible handwriting. Psalters for 
use in churches also were produced in 
relatively large numbers. Only after the 
introduction of printing in the fifteenth 
century were secular manuscripts pro- 
duced in quantity. Some of the first 
printed books besides the Bible were 
Latin and Greek classics and the poeti- 
cal and oratorical exercises of the Ital- 
ian humanists. 


Development of Printing 


Although the invention of printing 
with movable type is attributed popu- 
larly to the German Gutenberg, he by 
no means was the first to use the process. 
In Europe, the Dutchman Coster is said 
to have introduced typography some 
years before Gutenberg, but the process 
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Figure 4.10. 


An opened Dead Sea scroll. (Courtesy of Prof. Menahem Mansoor, 


obtained from the Israel Office of Information.) 


was developed first in China as one of 
a long series of innovations in printing 
techniques (Carter, 1931). The art 
of printing had its first Chinese ori- 
gins perhaps three centuries prior to the 
Christian era in the use of seals made 
of stone, metal, wood, ivory, and rhi- 
noceros horn. Seal impressions were 
stamped in soft clay to authenticate 
documents, much as men of the Western 
world have stamped impressions in seal- 
ing wax. Around the fifth century 4.D., 
seals were inked in red ink and used to 
print inscriptions. From this practice, it 
was but a short step to printing pages of 
Pictures or text from engraved blocks 
of wood. 

Another forerunner of block printing 
in China was the practice of taking inked 
rubbings on paper from stone inscrip- 
tions, possibly as early as the second 
century a.p. Classic writings were in- 
scribed in stone, after which a dampened 
tough paper was brushed carefully into 
all the depressions and crevices of the 
inscription. When dry, the paper was 


brushed with an ink pad to produce an 
inked background for white characters 
that conformed to the inscription. 

True block printing from blocks of 
wood on which the characters were en- 
graved in relief and reversed from their 
normal orientation was developed in 
Buddhist monasteries in China during 
the first half of the eighth century. The 
engraved block was laid with the charac- 
ters up and inked with a brush. Then a 
sheet of thin paper was laid on the block 
and brushed on the back with a dry 
brush to transfer a clear impression. A 
man working alone could make as many 
as a thousand copies a day. Block print- 
ing was developed into a high art in 
China, Japan, and Korea and persisted 
to modern times. 

About the middle of the eleventh cen- 
tury, four centuries before Gutenberg, 
a Chinese printer devised movable type 
of earthenware which he fitted into a 
metal or earthenware form for the first 
printing from type. Type made of tin 
also was devised, but neither this nor 
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the earthenware type was used widely. 
In the thirteenth and fourteenth cen- 
type which 
proved more satisfactory to use with 
the ordinary Chinese ink of soot and 
water. In 1390, the king of Korea or- 
dered bronze type cast in a foundry, and 


turies, wooden was cut, 


books were printed in Korea from the 
metal type in the early years of the fif- 
teenth century. Thus all the basic proc- 
esses of typographical printing were de- 
veloped in China and Korea. The strange 
thing is that they made little impact on 
Chinese culture and education, whereas 
Gutenberg’s equivalent invention was a 
major factor in propelling Europe out of 
the Dark Ages into the enlightenment of 
the Renaissance. The difference between 
Chinese and European printing is not 
so much in the printing process itself as 
in the styles of writing that were repro- 
duced. The thousands of characters of 
Chinese writing required thousands of 
separate type, which made the storage 
problem cumbersome and the work of 
typesetting laborious and time-consum- 
ing. Printing from type was not a com- 
mercial success in Korea, China, or Ja- 
pan, and by the nineteenth century, it 
had almost lost out to the older block 
printing (Carter, 1931). 

In Europe the first block printing was 
fairly crude and made from illustrative 
woodcuts, dating from about 1380. Later 
a brief text was also cut into the wood 
to accompany the picture, to produce 
block-books. These were printed in folio 
form, on one side of a sheet of paper 
only, and were available between about 
1430 and 1460. Block-books dealt almost 
exclusively with religious themes, and 
the printed letters faithfully copied the 
written letters of the scribes, even to the 
extent of copying the errors and irregu- 
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lar abbreviations that had appeared in 
handwritten manuscripts. Block printing 
in Europe never achieved the high de- 
gree of perfection that was seen in 
China, for it was displaced very quickly 
in Europe by printing with movable 
type. 

The introduction into medieval Eu- 
rope of printing with movable metal type 
led to wide dispersal of standardized 
skills in reading and writing and was 
instrumental in launching the intellec- 
tual Renaissance of the Western world. 
Printed books were to make possible the 
introduction of organized learning and 
education to masses of people, instead 
of to a limited few. 


Books as Educational Instruments 


The first extensive literature of knowl- 
edge, or wisdom, was established in an- 
cient Egypt, where a body of medical 
knowledge was accumulated and_ re- 
corded in writing from before 2400 B.c. 
Papyri from around 1600 x.c. contain 
detailed accounts of impressive Egyptian 
medical knowledge, including the idea of 
the functional dependence of the body 
on the brain (Wolf, 1954). 

The Greeks made great strides forward 
in the use of books, founding an ex- 
pressive literature, writing history, and 
establishing extensive libraries for the 
use of students and scholars. The Greek 
tradition of an extensive general litera- 
ture and learning from books was car- 
ried on by the Romans, only to dim in 
Europe after the fall of Rome. For cen- 
turies, reading and writing in Europe 
were restricted almost entirely to the 
Bible and religious tracts prepared by 
monks, based on 
books was for a time almost unknown, 


General education 


and certainly there was no thought of 
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educating the masses. In time, schooling 
was neglected even among the priests 
and monks. 

The eventual expansion of literacy and 
reading skill among the people of the 
Western world depended upon two ma- 
jor features lacking in ancient writing— 
standardization of writing form and of 
the terminology of writing. The first 
steps toward standardization were pro- 
vided in the Middle Ages by the develop- 
ing art of book making and by the com- 
pilation of dictionaries by the Arabs in 
Spain. The Arab culture in Spain 
around the ninth and tenth centuries 
constituted a spur to European educa- 
tion not only because of their diction- 
aries but because of their general in- 
terest in books and schools at all levels. 
The Arabs founded great universities in 
the Spanish cities of Cordova, Granada, 
and elsewhere which greatly influenced 
European and our own university tradi- 
tions (Draper, 1860). These were the 
first universities in Europe and were 
attended by students from all over the 
continent, In addition, libraries were 
founded in all major Spanish towns and 
public schools were attached to every 
mosque. The Arabs originated the first 
complete Western dictionaries, as well 
as lexicons of Greek, Latin, and Hebrew 
and encyclopedias of science. They estab- 
lished professional schools in such areas 
as medicine. Northern Europeans who 
were educated in Spanish Universities 
Were instrumental in spreading learning 
and bookmaking arts to the northern 
Seacoast and as far as Ireland. ‘ 

The enlightened Arabian culture in 
Persia, Africa, and Spain stood in 
marked contrast to the rest of Europe, 
although the development of reading 
and book learning among the transal- 
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pine peoples of Europe was promoted by 
Charlemagne, during the early years of 
the ninth century (Lawrence, 1871). Un- 
like most feudal rulers of medieval Eu- 
rope, Charlemagne had learned from his 
teacher Alcuin to admire learning, and 
as emperor he established free schools 
throughout the region that is now France 
and Germany. However, after his death 
in 814 his schools disappeared and learn- 
ing again declined. As the centuries wore 
on, however, learning and literacy grad- 
ually became more widespread in Eu- 
rope. In the twelfth century, the activi- 
ties of eminent teachers led to the estab- 
lishment of the University of Paris, and 
other universities were established at 
Bologna and elsewhere. By the fifteenth 
century, it has been said that there were 
25,000 students congregated at the Uni- 
versity of Paris (Lawrence, 1871), and 
the English universities at Oxford and 
Cambridge were flourishing institutions, 
rivaling their European counterparts. 
During the Reformation, free schools 
again were established in Europe and 
constituted a model for the rest of the 


world. 


Development of Textbooks 

After the invention of printing, the 
Latin Vulgate Bible, based on some of 
the oldest available manuscripts, quickly 
became the most important and widely 
rinted book. As the first generally avail- 
able book, the Bible assumed an impor- 
tance for education far beyond its reli- 
gious significance and later was trans- 
lated into the various spoken languages 
of Europe. It was used as the basis of 
most of the teaching in some of the 
newly established schools and, for a 
person taught at home by parents or 
tutors, may have represented the only 
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textbook. Only at the great universities 
were large libraries available. 

By the sixteenth century, there began 
to appear in Europe printed books pre- 
pared especially for general educational 
purposes, including scientific and tech- 
nical works. Some of these were repro- 
ductions of the old classical manuscripts, 
but another source was the writings of 
the intellectual giants of the early Ren- 
aissance years. One of the most versatile 
of these was Leonardo da Vinci, who 
lived during the latter part of the fif- 
teenth century and the early sixteenth. 
Leonardo’s works were as influential sci- 
entifically and technically as they were 
artistically. Besides defining the founda- 
tions for modern anatomical and_bio- 
logical sciences and a new scientific era 
in the teaching of artistic design, they 
contained what amounted to the blue- 
prints of the industrial revolution—end- 
less designs for gear systems, for mas- 
sive power-driven machines, for mobile 
vehicles, for cranes and lifts, for irriga- 
tion and water power systems, and many 
others. Leonardo’s manuscripts, as Fig- 
ure 4.11 shows, were lavishly illustrated 
by his own hand and written left-handed 
in a mirror script. 

One of the first printed books to 
achieve eminence as a scientific text was 
De Re Metallica, written by Georg 
Agricola and printed in Latin in 1556. 
A copy of this book is shown in Fig- 
ure 4.12. It deals with mining and its 
methods, materials, and management 
during the Middle Ages. It was impor- 
tant as a scientific text and also valuable 
in defining the pattern of work in the 
periods that it covers. 

Some understanding of the develop- 
ment of printed textbooks in Europe can 
be gained by tracing the history of books 
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Figure 4.11. Example from Leonardo's 
manuscripts, which profoundly influenced the 
teaching of art and science in Europe and 
established a systematic foundation for en- 
gineering mechanics. (From Leonardo da 
Vinci. New York: Reynal, 1956, by permis- 
sion of Reynal and Co.) 


on mathematics. Mathematics was the 
earliest developed science and, in con- 
trast to many branches of knowledge, 
remained in active use both scientifically 
and practically throughout the Middle 
Ages. In actual fact, the scholars of 
the Renaissance inherited four differ- 
ent types of mathematics, each of which 
was indicative of different social, fi- 
nancial, and educational strata (Kar- 
pinski, 1925). 

The first type of mathematics text was 
the theoretical book, based largely upon 
the manuscripts of fifth and sixth cen- 
tury Latin writers who, in turn, had 
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Figure 4.12. 


De Re Metallica, one of the first books on physics and engineering, 


showing the method of illustration. This book was translated from the original 
Latin of Agricola (1912) by Herbert Hoover and his wife Lou Henry Hoover, who 


considered it one of the most important 


entific books of all times. (Courtesy of 


Rare Books Department, University of Wisconsin Memorial Library.) 


followed the Greek models of Nicho- 
machus and Euclid. The second type 
were the algorisms, more practical arith- 
Metics written to supply sufficient mathe- 
matical knowledge for business compu- 
tation. These were based on the Arabic 
number system of nine numerals plus 
zero, a system which had been used 
Without the zero in Hindu India as early 
as the third century B.C. Gradually per- 
fected by Arab scholars in the eighth 
and ninth centuries A.D., the algorisms 
provided a basic arithmetic for business, 
trade, and finance. The third type of 
book, the abacus arithmetics, also was 
commercial but used Roman numerals 
Which had to be computed with calculi 
(Latin: pebbles used in reckoning), 


jetons (French: things thrown or cast). 
or counters. From these systems were 
derived some of the earliest teaching and 
demonstration devices, with a_ strictly 
utilitarian purpose. The English lan- 
guage expression “to cast accounts” can 
be traced to this arithmetical source. The 
fourth type of arithmetic book, written 
by astronomers and poets as well as 
arithmeticians (note the odd classifica- 
tory grouping), were the computi, trea- 
tises upon the church calendars that also 
included simple directions for computing 
the movable dates of Easter and the 
other important religious holidays. 
The first arithmetic books written spe- 
cifically for teaching the young were 
prepared by teachers of the early Latin 
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schools of Padua and Venice. These 
were based upon arithmetic as it had 
been studied and developed in the mon- 
asteries of Europe and Africa. They sup- 
plemented the basic arithmetic of the 
Arabs and 
problems of barter. partnership, and 
practical matters connected with the 
coinage of money in the days when this 
was not controlled by great central gov- 
ernments. In 1499, Martianus Mineus 
Felix Capella combined and edited an 
encyclopedia of the arts and sciences of 
the past thousand years that was used 
widely as a comprehensive scientific and 
arithmetic text. A medley of prose and 
verse, it contained an account of geom- 
etry and the Greek theory of arithmetic. 

At the dawn of the Renaissance, there 
still was general disagreement in Eu- 
rope as to whether the algorisms or the 
abacus systems were more efficient for 
practical purposes. Italian merchants 
had been the first to abandon abacus 
arithmetics, long before this was done in 
other countries. The Venetian traders, 
through their contacts with the East, 
were instrumental in distributing knowl- 
edge of Arabian arithmetic throughout 
the trading world. According to Beck- 
mann (1846), Lucas de Burgo published 
in Venice in 1494 the first algebra by a 
European author. This friar was a great 
mathematician of the fifteenth century, 
and one of the first Europeans to learn 
algebra from the Arabs. During the six- 
teenth century, knowledge of Italian 
arithmetic and double-entry bookkeep- 
ing spread throughout Europe. The old- 
est German textbook of double-entry 
bookkeeping was written by Frederick 
Peypus in 1531, and some of the oldest 
English bookkeeping texts were dated 
1543, 1588, and 1589. These books not 


were extended to include 


VERBAL COMMUNICATION 


only prepared students for a trade, but 
in time defined the organized symbolic 
structure of commerce and thereby left 
their mark on the organization of gov- 
ernments. historical facts 
about the development of textbooks in 


These few 


mathematics point up the close relation- 
ship that exists between educational in- 
strumentation and the general organiza- 
tion of work and social interchange in a 
culture. At all stages of human develop- 
ment, educational techniques have in- 
fluenced and have been influenced by 
other phases of organized social activity. 
As types of social organization and fields 
of knowledge have been expanded and 
diversified, the types of educational 
tools, including books, also have been 
diversified. 

It seems significant that from its earli- 
est beginnings the written word never 
has been completely divorced from 
graphic and pictorial illustration. Just 
as nonverbal gestures and expressive 
movements add meaning to the spoken 
word, so do pictures and other illustra- 
tions bring meaning to the written or 
printed word. However, the relative sig- 
nificance of nonverbal material in books 
for different educational purposes and 
the design and arrangement of verbal- 
illustrative material are open questions. 
Inasmuch as these problems of book de- 
sign never have been resolved by ob- 
jective study, decisions concerning the 
make-up of our most universally used 
teaching tool are made by publishers 
and commercial artists rather than by 
psychologists and educators. It is to be 
hoped that current interest in teaching 
techniques and educational design will 
be extended to include a long overdue 
examination of the standard textbook. 

As we have surveyed human com- 
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municative patterns. we have tried to 
emphasize the cumulative nature of the 
educational context as well as its pro- 
gressive development. The student of 
today starts his education in his pre- 
reading nursery school or kindergarten 
days in a way not too different from the 
training of children in primitive so- 
cieties. In a relatively small group regu- 
lated by an adult, using simple instru- 
ments, devices, toys, and pictorial ma- 
terials, he learns something about the 
organization of his home and family and 
the work and social structure of his cul- 
ture. The older child learning the three 
R’s does so in a social and instrumental 
context that is similar in some ways to 
the schools of ancient systems. The col- 
lege student goes to a center of learn- 
ing. for, ever since the Middle Ages in 
western Europe and even earlier in cer- 


tain other cultures. advanced learning 
has taken place where great libraries. 
museums, and finally laboratories have 
supported the teaching efforts of learned 
men. The advancing course of biosocial 
evolution. thus. is reflected not only in 
the technological. social, institutional, 
and educational design of society but 
also in the pattern of learning and sym- 
bolic control that develops in the in- 
dividual. 

As we go on in the next chapters toa 
consideration of the educational devices 
and techniques of our contemporary so- 
ciety, we think of them not as revolu- 
ons but as refinements 
and extensions of earlier devices and 


techniques. The functions served by the 
the same general 
and 


tionary innovati 


new teaching tools are 


functions served by teaching tools 


methods in the past. Their over-all effec- 
how well they pro- 


tiveness depends on 
res of human 


mote the significant featu 


learning which we described in Chapter 
1—how well they serve to communicate 
with the student; how well they enhance 
his control of new knowledge and skill; 
how well they establish the significant 
human meanings of the material learned ; 
how well they motivate the student to 
stick with his educational task; and how 
well they represent developing patterns 
of symbolic control that have current 
utility in society. 


SUMMARY 

1. By facilitating the accumulation 
and transmission of knowledge. writing 
made possible human civilization. 

2. Verbal communication utilizes rela- 
tively few movement patterns to express 
a limitless number of ideas. Alphabetic 
writing is efficient because its limited 
number of manipulative patterns cor- 
respond closely to the articulatory move- 
ments of oral speech. 

3. The unit movements of speech are 
syllable pulses. released by intercostal 
muscles. sustained in temporal group- 
ings by movements of the trunk and dia- 
phragm. and given phonetic character by 
articulatory movements of the neck, 
mouth, and tongue. Letters of the alpha- 
bet represent the phonetic articulations. 

4, Speech probably evolved in  pre- 
historic man along with the sustained 
use of tools within a group. Communica- 
tive oral sounds may have been used 
originally in many different contexts— 
to mimic sounds of nature, to express 
emotions. to facilitate social activities, 
especially of work, and so on. Organized 
languages probably evolved coordinately 
with the diversification of tool using and 
tool making into tribal handicraft. 

5. Systems of writing were developed 
independently four to six thousand years 
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ago in Sumer, Egypt, India, and China. 
The Egyptians’ use of phonetic notations 
contributed to the later development of 
alphabets. 

6. Chinese writing uses ideograms, 
one character for each different word. 
This difficult system probably hampered 
the intellectual and technical progress 
of the Chinese. 

7. The Sumerians apparently origi- 
nated cuneiform writing, a system of 
wedge-shaped characters usually im- 
printed in clay, which was used widely 
in Asia Minor. Although it may have 
influenced later Semitic alphabetic writ- 
ing, cuneiform writing as such died out. 

8. Egyptian hieroglyphs were a rela- 
tively efficient writing system which from 
the start incorporated phonetic notations 
into the ideographic symbols. These an- 
cient phonetic letters were precursors of 
the consonants of our alphabet. 

9. Hieroglyphic writing gradually was 
simplified into hieratic and demotic writ- 
ing. used respectively for religious and 
secular purposes. This simplification 
probably was related to technical im- 
provements introduced by the Egyptians. 
They learned how to make a type of 
paper of the papyrus reed and wrote a 
cursive script with ink. 

10. An intermediate phase in the de- 
velopment of writing was syllabic writ- 
ing, in which a relatively limited number 
of characters stood for consonant-vowel 
combinations or syllables. 

11. Consonant alphabets were devel- 
oped first by the Phoenicians and other 
Semitic peoples of Asia Minor. This ad- 
vance probably was spurred on by the 
practical needs of the seafaring traders. 

12. The Greeks, who had developed 
no writing of their own, borrowed the 
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Phoenician alphabet and introduced the 
symbols for vowels, thus completing the 
vocalic alphabet. This perfection of a 
flexible mode of writing closely allied 
with oral speech probably was instru- 
mental in the development of a creative, 
expressive literature. 

13. Styles of writing are interrelated 
with the instruments of writing. The 
eventual development of an easy, cursive 
paper-and-ink style, proceeding from left 
to right shows a trend toward efficiency 
in a human instrumental movement pat- 
tern. 

14. Technical improvements in writ- 
ing were confined for thousands of years 
to changes in handwriting implements 
and writing surfaces. Paper was intro- 
duced to Europe by the Arabs who 
learned paper-making from the Chinese. 
The invention of printing, typewriters, 
and so forth revolutionized processes of 
reproducing verbal materials. 

15. Problems encountered in teaching 
the blind to read and write illustrate the 
dependence of instrumental skills on hu- 
man factors. Writing developed by see- 
ing individuals is not appropriate for 
the nonseeing. 

16. The original books were various 
types of plaques, tablets, and later scrolls 
of paper or parchment. Their present 
form was developed during the Middle 
Ages. 

17. Printing and typography were in- 
vented in China but were not as im- 
portant there as Gutenberg’s introduc- 
tion of printing was in Europe. 

18. The Egyptians had the first large 
libraries of recorded knowledge, and the 
Greeks and Romans extended this liter- 
ary and educational tradition. In Medi- 
eval Europe, however, reading and writ- 
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ing became less common and were 
confined principally to religious materi- 
als. 

19. The rebirth of literacy and learn- 
ing from books was facilitated by Ara- 
bian advances in book preparation and 
compilation of dictionaries but was has- 
tened most of all by the invention of 
printing. 

20. The history of textbook writing 
demonstrates the interactions between 
educational processes and the practical 
needs of the working world. 

21. We need objective study of prob- 


lems of book design for various pur- 
poses, including questions of the relative 
significance of verbal and graphic ma- 
terial and their most efficient arrange- 
ment. 

22. Teaching tools and techniques 
must be evaluated not only according to 
their success in communicating, in pro- 
moting control, in establishing human 
meanings, and in motivating the learner 
but also according to how well they in- 
corporate current developing patterns of 
symbolic communication and control. 


CHAPTER 


iS) 


Modern Audiovisual 


Techniques 


In this chapter and the next, we shall 
survey the use of audiovisual techniques, 
their research evaluation, and various 
theoretical interpretations of their sig- 
nificance. As an introduction, we shall 
describe in this chapter some of the his- 
tory and techniques of educational 
broadcasting, particularly the use of ed- 
ucational television. The main problems 
and challenges of audiovisual education 
today revolve around the use of tele- 
vision, which not only constitutes a new 
and important technique in its own 
right but also serves as a means of uti- 
lizing and integrating all other forms of 
audiovisual instruction. 


REMOTE TRANSMISSION 
TECHNIQUES 


Phonographic recording and motion 
picture photography were developed by 
Edison and others late in the nineteenth 
century and have been used to some ex- 
tent for educational purposes almost 
from their inception. Educational radio 
and sound motion pictures were per- 
fected in the 1920s, and educational 
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television was introduced during the 
next two decades. Although motion pic- 
tures have had a great impact on educa- 
tion, their effect is by no means as great 
as that of remote transmission by means 
of radio and television. Radio and tele- 
vision have made possible a certain 
universality and standardization of ed- 
ucational procedures and have broken 
down some of the barriers between the 
classroom and the outside world of ex- 
perience and action. 


Educational Radio 


The first radio station in the nation 
was not a commercial system but an ed- 
ucational unit developed at the Uni- 
versity of Wisconsin, which began a reg- 
ular broadcast service in 1921. Figure 
5.1 shows the original studio of WHA, 
the “oldest station in the nation,” which 
early boasted a great number of listen- 
ers. This mural shows among others 
Professor E. M. Terry, who developed 
the first educational radio station, and 
Professor W. H. Lighty, his colleague 
who directed and did much of the work 
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Figure 5.1, 


Mural depicting activities of the first educational radio station, 


WHA, University of Wisconsin. (Courtesy of Station WHA, University of Wis- 


consin.) 


of the station. From its start, educational 
radio effected significant changes in the 
whole pattern of communication be- 
tween the university and the public. It 
served as an important medium for ex- 
tending the activities of the university to 
persons off the campus and gave reality 
to a proud university slogan that “the 
boundaries of the campus are the bound- 
aries of the state.” Important early serv- 
ices were statewide weather broadcasts, 
college sports, and musical programs. 

The enthusiasm generated in educa- 
tors by the broadcasting medium is at- 
tested to by the fact that during the 
fifteen years from 1921 to 1936, 202 
broadcast licenses were issued to educa- 
tional institutions, seven-eighths of them 
issued before 1925 (Skornia, 1962). 
However, 164 of these licenses were Te- 
voked or allowed to expire during the 
same fifteen-year period, so that only 
thirty-eight licensed educational stations 
Temained in 1937. 


The first enthusiastic opinions that 
education 


radio would revolutionize ‘ 
Were modified gradually as commercial 
nd provided 


broadcasting burgeoned a 


many of the program services of the first 


educational stations. In time, however, 
educational radio established itself in 
several important roles in addition to 
its continuing but limited “School of the 
Air” activities: that is, as an adjunct to 
extension education for farmers; as an 
instrument of town and gown interac- 
tion in public and economic affairs; and 
as a medium for bringing to the public 
fine recorded music and, to a lesser ex- 
tent, literature and literary criticism. 
The great hope of a nationwide FM net- 
work was kept alive mainly by educa- 
tional radio and was fulfilled in part by 
the development of regional educational 
FM systems. In fact, we owe the cur- 
rent advances in frequency modulation 
broadcasting mainly to the foresight of a 
few exponents of radio education. 

The greatest educational impact of 
radio has been in expanding the audi- 
ence of university extension teaching 
rather than in influencing the style of 
conventional classroom teaching to any 
great extent. In emphasizing the verbal- 
istic approach to education at the ex- 
pense of visual and audiovisual tech- 
niques, educational radio has had quite 
a different effect from educational tele- 
vision (ETV). In integrating sight and 
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sound, ETV from the start has served as 
a stimulus to promote change in con- 
ventional classroom techniques. 


Educational Television 

Experimental television was a prod- 
uct of the 1930s, and the first educa- 
tional programs were broadcast to a 
limited audience at the State University 
of Iowa between 1932 and 1939 (Hull, 
1962). The development of commer- 
cial television and home reception was 
delayed until the end of World War 
I. Although the educational significance 
of television was recognized from its in- 
ception, the costs involved delayed its 
application to educational purposes. In 
the late 1940s, a few steps were taken 
by some large universities and technical 
schools to install television facilities, but 
no major effort was made until 1952, 
when the Federal Communications Com- 
mission allocated 242 channels in the 
broadcast spectrum to educational tele- 
vision. With this impetus and with the 


Figure 5.2. 


financial help of foundations, university 
and public-school ETV was launched in 
many parts of the country. 

One of the early educational televi- 
sion broadcasting facilities was set up at 
the University of Wisconsin in conjunc- 
tion with their radio station and, like 
WHA, is operated by the University 
through the guiding support of a state 
Radio Council. Like many other educa- 
tional television facilities, WHA-TV was 
started with the help of the Ford Foun- 
dation. The station broadcasts a sched- 
ule of general-interest programs in addi- 
tion to offering various courses of study 
at all educational levels, largely by 
means of conventional lecture, demon- 
stration, and conference methods of 
teaching. 

In assessing the progress of ETV, it 
should be borne in mind that the high- 
frequency transmission equipment, large 
camera installations, and special lighting 
facilities are not only cumbersome but 
very expensive and thus impose general 


Controlling the design and quality of a television program. The pro- 


duction director controls the program make-up by switching from one camera to 
another. (Courtesy of Station WHA-TV, University of Wisconsin.) 
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limitations on the adaptability of the 
medium. Further, the characteristics of 
television cameras themselves help de- 
fine the primary instructional dimen- 
sions and design of educational pro- 
grams. The television camera brings an 
image to focus on a special photoelec- 
tronic tube that is scanned by a moving 
cathode-ray beam at rates of 200 to 600 
lines per second. The resulting signal, 
which varies in intensity according to 
the brilliance of the various areas of the 
Picture, is transmitted as a video wave. 
picked up by a microwave receiver. and 
reconverted to a picture on a cathode- 
ray tube. The definition of the picture 
depends on the scanning frequency as 
well as on the precision of the optics 
and electronics of the camera system. 
Television production requires constant 
control of camera action by a production 
director and by electronic technicians. 
As shown in Figure 5.2, a director mon- 
itors the program and controls its make- 
up by watching the televised images 
from the various operating cameras. 

Educational television makes use of 
two types of transmission, broadcast or 
open-circuit and closed-circuit. Standard 
broadcast television uses a tower an- 
tenna to spread a signal by electromag- 
netic waves over a limited area some 
thirty to fifty miles in diameter. How- 
ever, one ETV facility has expanded its 
effective broadcast area by transmitting 
from a roving airplane. In time, global 
television transmission will be possible 
through the use of satellite relay sta- 
tions, 

Closed-circuit television utilizes cam- 
€ra-monitor chains that are linked by 
cables. These may be located within the 
same building, in different buildings, or 
even in different localities, but in any 
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case the video signals are transmitted by 
wire. Closed-circuit television is simpler 
and less expensive than broadcast tele- 
vision, for by transmitting the signal 
from the camera to the monitor by wire, 
it avoids several complicated and costly 
steps involved in broadcasting. A rela- 
tively simple camera can be used and 
sound can be conveyed by an intercom 
or public-address system. Most closed- 
circuit instruction makes use of small 
cameras like the vidicon cameras in 
Figure 5.3. These can be set up for close 
observation of slides or other materials 
for effective classroom demonstrations. 

Two special developments in television 


Figure 5.3. Closed-circuit transmission by 
means of small cameras. a. Televising micro- 
scopic slides. b. Demonstrating dental tech- 
niques. (Courtesy of General Electric Com- 


pany.) 
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technology which are used to a limited 
extent in educational television are color 
and stereoscopic transmission. Colored 
television pictures are produced by 
transmitting on three separate scanning 
circuits, each of which presents a differ- 
ent primary color on the monitor. Super- 
imposing the red, blue, and green images 
gives a color display which is marked 
by very poor resolution because each 
color circuit scans the tube face with 
only about one-third the frequency of 
the ordinary black-white scanning circuit. 
The educational use of color television is 
limited largely to displays in which 
color differentiation is important, as in 
medicine or dentistry. 

In a number of special applications 
of ETV, it is desirable to have stereo- 
scopic or three-dimensional vision. It is 
possible to obtain a stereoscopic tele- 
vision image in several different ways. 
Figure 5.4a illustrates a color separation 
system which is based on the same prin- 
ciple as 3-D motion pictures. Two cam- 
eras located in positions corresponding 
to the right and left eyes of an observer 
provide two separate images, one red 
and one blue, for the monitor screen. 
The observer must view the slightly dis- 
placed images while wearing spectacles 
fitted with red and blue filters, a differ- 
ent color for each eye. In this way the 
two eyes receive the disparate images 
that have been transmitted by the two 
cameras, and the observer perceives a 
picture with depth. 

A stereoscopic television image also 
can be achieved with prisms, as shown 
in Figure 5.4b. In this case, the two 
camera images are split in the monitor 
projection, so that a right eye picture is 
seen on the right side of the monitor and 
a left-eye picture on the left. These two 


MODERN AUDIOVISUAL TECHNIQUES 


pictures are fused by wearing prism 
spectacles that superimpose the separate 
images. Again the perceived effect is of 
one picture with depth. Stereoscopic 
television also can be obtained by means 
of a method using polaroid spectacles 
and another utilizing flicker techniques. 


Recording Techniques 


The remote transmission techniques 


have in themselves one basic disad- 


vantage—their transitory character. 
Whereas pictures, slides, motion picture 
films, and phonograph records are rela- 
tively permanent and can be used as 
often as desired and at any desired time, 
radio and television signals leave no 
permanent trace. In order to realize the 
full potential of educational radio and 
television, we need to capture their pat 
terns of sound and sight for later use. 

An efficient method of recording radio 
programs was made possible with the 
commercial development of magnetic re- 
cording of sound after World War II. 
First. magnetized wire was used, but 
since the late 1940s. wire recording has 
been displaced by magnetic tape record- 
ing. Magnetic reproduction is relatively 
inexpensive inasmuch as the tapes can 
be erased and reused. 

Recording television images has pre- 
sented a more difficult problem than re- 
cording sound. The first method used to 
obtain permanent records of television 
programs was to photograph the monitor 
image on moving picture film, using 4 
special picture tube called a Kinescope- 
The resulting film can be televised oF 
shown by means of an ordinary 16mm 
projector. Motion picture film recording 
has the disadvantage of requiring some 
time for processing, so that recorded 
television material cannot be projected 
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Figure 5.4 Stereoscopic television systems. a. Diagram of color-separation sys- 
tem being used for remote handling of nuclear materials. 6. Prism-separation 
system, also being used for remote handling. (a@ from Mengle. 3 dimensional TV 
system. Radio TV News, 1958, 60(4), 45; 128; b based on photograph, courtesy of 


Du Mont Manufacturing Company.) 


immediately after recording. However, 
methods of developing film recently have 
been improved so that nearly instan- 
taneous processing now 3S possible. 4 
‘A somewhat more satisfactory metho 
of recording television programs became 
available in the 1950s with the develop- 
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equipment for the relatively limited 
budgets of ETV facilities. On the other 
hand, video-tapes can be used immedi- 
ately without further processing, and 
like audio-tapes can be erased and re- 
used. 

An Ampex Videotape recording sys- 
tem was shown in Figure 1.1. This re- 
corder uses a two-inch magnetic tape, 
as seen in Figure 5.5. Whereas audio- 
tape is imprinted longitudinally, this 
video-tape is imprinted transversely in a 
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repetitive track by a rotating head that 
is carried diagonally across the face of 
the tape. The same head is used for play- 
back, in much the same way as with an 
audio-tape recorder. By throwing a 
switch to change the circuits, the record- 
ing head is converted immediately to a 
playback head. 

A somewhat less costly type of tele- 
vision tape recorder is diagramed in 
Figure 5.6. In this Helical Scan Re- 
corder, the tape travels diagonally across 
the outer surface of a large rotating 
cylinder which carries a magnetic re- 
cording head. The cylinder can be seen 
at the center of the console in Figure 
5.6a, located between the two reels that 
carry the recording tape. Figure 5.6b 
shows the arrangement of the tape as it 


Figure 5.5. Close-up of Ampex Videotape 
Recorder (VR-1000) control panel, recording 
head, and tape. (Courtesy of Station WHA-TV, 
University of Wisconsin.) Figure 5.6. Helical Scan Videotape Re- 
corder (Ampex VR-8000). a. Appearance of 
recording head and control panel. b. The heli- 
cal scanning technique. (Based on photograph, 
courtesy of the Ampex Corporation.) 


is passed around the cylinder and also 
indicates the recording head that is 
mounted on the cylinder. This instru- 
ment and other even smaller recorders 
are much less costly than the original 
Videotape machines and bring television 
recording within the means of many ed- 
ucational and business institutions. 

An entirely new technique of visual 
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recording developed at General Elec- 
tric Research Laboratories (1960) 
opens up new possibilities for television 
recording and _ playback. Known as 
thermoplastic recording, this method 
uses special plastic materials which re- 
cord a visual image in the form of a 
ripple pattern by means of a charging 
and heating process. The special ad- 
vantages of this technique are its speed 
and its recording density. Theoretically, 
all twenty-four volumes of the Encyclo- 
peedia Britannica could be recorded at 
the rate of one volume per minute on a 
reel of tape that could be held in the 
palm of one hand. 

The photograph in Figure 5.7a com- 
pares the size of a thermoplastic record 
with that of an ordinary straight pin. A 
very acceptable visual image was re- 
corded on a strip of tape just a tenth of 
an inch wide, and recent improvements 
in the technique give even better results. 
The diagram in Figure 5.7b shows a 
checkerboard pattern recorded on a 
piece of tape approximately 0.003 inch 
wide. If such a pattern were used to 
represent the binary digit system for 
computers, with the light squares repre- 
senting 0 and the dark squares 1, forty 
million bits of information could be re- 
corded on one square inch of thermo- 
plastic tape. This recording density is 
hundreds of times better than with mag- 


netic tape. 


Thermoplastic recording uses film 
with a thin conducting coating and a 
film is 


thermoplastic surface. The 
scanned by an electron beam to cha 
it electrically in a pattern correspond- 
ing to the input pattern. When the film 
is heated by inducing a current in the 
conducting coating, the melted plastic 
Coating is pulled into microscopic in- 
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Figure 5.7. Thermoplastic recording. a. A 
thermoplastic record compared in size with a 
straight pin. 6. A checkerboard pattern on a 
piece of thermoplastic tape approximately 
0.003 inch wide. (From General Electric Re- 
search Laboratory. Thermoplastic recording. 
Schenectady, N.Y.: General Electric Research 
Information Services, 1960.) 
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dentations by the attraction between the 
charges and the current-carrying con- 
ductive film beneath. As the film cools, 
this ripple pattern “freezes” into place 
as a permanent image. The image can be 
erased by reheating the film, allowing 
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them. Several control rooms permit a 
flexible distribution arrangement to the 
receiving classrooms. Installations of 
this sort are used in various public 
schools and teachers’ colleges through- 
out the country. 

An ETV broadcasting facility is of 
necessity a more complex and costly sys- 
tem than a closed-circuit system, but 
where one is established, small schools 
within the broadcast area can receive 
televised instruction simply by installing 
a receiver in a classroom. A schematic 
ETV studio broadcasting facility char- 
acteristic of any one of several in large 
state universities is illustrated in Figure 
5.9. This diagram is meant to indicate 
all of the various activities that go on in 
program preparation by showing the 
rooms needed for preparation, rehearsal, 
programing, control, and so on. Studios 
such as this not only originate instruc- 
tion, but also serve as laboratories to 
provide training for students interested 
in television broadcast production. 

An unusual plan has been put into 


Figure 5.9. Generalized design of an ETV 
facility used for broadcast television. 
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effect to extend the geographical limits 
of ETV broadcasting. The Midwest Air- 
borne Television Program uses a roving 
heavy airplane based at Purdue Univer- 
sity to extend the range of ETV broad- 
casting from a radius of twenty-five to 
fifty miles to over 150 miles (Teaching 
by Television, 1959). By circling a 
small area Indiana, a plane 
equipped with television broadcasting 
facilities can reach schools in most of 
Indiana and Ohio and parts of Illinois, 
Kentucky, Michigan, and Wisconsin. 
The potential audience has been esti- 
mated at five million students in 13,000 
schools and colleges (Kilbourn, 1961). 

The broadcasting problems encoun- 
tered in this regional project are enor- 
mous. Weather, technical difficulties, 
costs, and aircraft maintenance all are 
serious considerations. Even if the cost 


over 


problem were solved with major con- 
tinuing Ford Foundation support, there 
would seem to be no respite from natu- 
ral and technical difficulties. In time; 
however, this type of operation may be 
no longer needed. A communications 
satellite or a lunar television facility 
may make possible nationwide or even 
hemispherewide broadcasting of both 
commercial and educational programs. 


TRAINING TELEVISION 


In addition to its general educational 
uses, television is being used more and 
more as a training medium for many 
types of business and industrial pur- 
poses. The uses of training television or 
TTV range from the conference-type 
informational program to skill training 
for complicated and dangerous opera 
tions. For these specific training needs, 
closed-circuit transmission is used by 
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means of either long-distance wire- 
service hookups or permanent camera- 
monitor chains within an institution. 


Commercial Meetings 

For more than a decade, large busi- 
nesses and industries have been turning 
to closed-circuit television as a com- 
munication medium for business confer- 
ences, demonstration meetings, and the 
like. Closed-circuit installations provide 
for effective intercommunication within 
large plants and long-distance hookups 
can be used to communicate simultan- 
eously with salesmen and other repre- 
sentatives in several cities. The purpose 
of such a television conference might be 
to demonstrate new products and to out- 
line plans for merchandising. As a rule, 
companies do not own their own equip- 
ment but rent it as needed and hire a 
TTV producing service to arrange the 
program and get it on the coaxial 
cables. 

An industry that decides to use TTV 
for its marketing and sales personnel has 
an effective and time-saving medium 
for demonstrating new products. In- 
stead of scheduling the customary series 
of regional meetings over @ period of 


time, which top executives rarely attend, 
assemble his sales- 


the manufacturer can 
jor marketing 


men and dealers in his ma 
o hear and see the 


areas at one time t 
line straight from 


story behind the new 
the company’s top executives, engineers, 
salesmen, and advertising men. In this 
way the manufacturer concentrates his 


efforts and expenditures and uses his 
instructors for an 


best speakers and 
o all his repre- 


equivalent presentation t 
sentatives in the field. 
In an unpublished survey, the senior 
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author obtained evaluative reactions to 
televised intercity commercial meetings 
from a number of companies. Upjohn 
Company said TTV is murderously ex- 
pensive, extremely difficult to do well, 
but worth the investment and will be 
continued in this company on a limited 
scale indefinitely. Ford Motor Company 
considered TTV superior to written com- 
munication as a means of getting im- 
portant information from company ex- 
ecutives to all distant plants and divi- 
sions simultaneously. They liked the 
personal touch provided by television 
and found that attendance at meetings 
was always high. Sun Oil Company re- 
orted that using TTV to introduce new 
products resulted in large savings. 


Observation Training 

Many types of human relations situ- 
ations in business and industry can be 
televised for the purpose of training ap- 
prentices or students either as individ- 
uals or as a class. Some of these are 
indicated in Figure 5.10. In these situa- 
tions, the closed-circuit television chain 
provides a kind of one-way vision by 
means of which the student can observe 
methods and procedures without actually 
being present. 

Research results show that television 
training can be carried on successfully 
in the situations shown in Figure 5.10, 
that is, in supervisory training, in labor- 
management operations, in counseling 
and executive procedures, in human- 
relations techniques including child-care, 
and in human engineering practices. The 
possibilities for giving students a little 
vicarious experience in actual problems 
of the business and industrial commu- 
nity are especially significant. 
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Figure 5.10. Using television observation 
for human relations training. 


Simulation Training 


One of the most effective uses of TTV 
is in simulating visual displays to teach 
such important skills as driving and 
piloting operations. Figure 5.11 de- 
scribes the equipment used for simulat- 
ing the visual approach to airports for 
pilots in flight training. The basic pro- 
cedure is to move a television camera 
over a simulated landing field. Early 
models of this type of simulator were of 
considerable size and had the television 
cameras mounted on moving gantries. 
The present simulator has been made 
much smaller, and, as shown in the 
figure, the television lens is smaller than 
the head of a wooden match. Dynamic 
simulation is achieved by attaching the 
camera to the controls of an aircraft 
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trainer-simulator so that every move- 
ment of the controls brings a correspond- 
ing change to the student’s view of the 
landing field. In the apparatus dia- 
gramed, the student must perform visual 
landings after instrument flight rule ap- 
proaches have been made. 

This type of visual simulation is 
unique in the history of flight training 
and never before has been achieved in 
ground training operations. The student 
is given tasks that appear quite real. He 
must decide, as he would in the air, 
where the runway is, whether his plane 
is too high or too low, whether he is 
properly aligned and whether his aspect 
angle with the runway is correct at every 
moment. He makes these decisions by 
watching the screen in front of his 
trainer cockpit. As he operates his levers 
and controls, the camera position is 
shifted and the appearance of the air- 
field changes just as it would were he 
making an actual approach to the 
ground. A special optical system at- 
tached to the camera simulates the three- 
dimensional movement of the aircraft, 
in azimuth, elevation or pitch, and roll. 
Training in landing at particular cities 
can be given by using scale models of 
the appropriate landing field. 


Remote Control Training 


Television is used for many kinds of 
remote observation, from simple moni- 
toring tasks to remote handling of dan- 
gerous materials. Some remote monitor- 
ing is of the nature of police spying, as 
in penal institutions, but there are other 
more palatable monitoring functions of 
closed-circuit systems, as in hospital 
patient care, banking operations, and in- 


: 
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Figure 5.11. 
over a model landing fiel 
justs the controls to bring the plane 
Electronic Flight Visulator. Mech. Engn. 


dustrial processing. In any case, a 
closed-circuit installation within an es- 
tablishment can be used as a training 
medium for new workers as well as an 
observational network. 

There are many uses of closed-circuit 
systems for industrial monitoring. Tele- 
vision eyes are used to watch or inspect 
Water level gauges, dangerous machin- 
ing operations, steel processing, furnace 
view ports, explosive materials, unex- 
posed film, boiler furnace interiors, po- 
Sition of heated parts and metals, hot 


Visual flight simulation achieved by moving a television camera 
d display. The student, located in an aircraft trainer, ad- 
to the simulated ground pattern. (From 
g, 1959, 81(3), 82-83.) 


glass, radiation processes and materials, 
jet engine performance, crane action, 
and yard operations. All of these situa- 
tions can be used for visual training, but 
closed-circuit chains used to control 
complex visual interactions are particu- 
larly helpful in training. For example, a 
closed-circuit installation in a bank not 
only is of value for regular operations 
but also can be used to train new em- 
ployees in the nature of the over-all oper- 
ation of the bank. Camera systems lo- 
cated in the bookkeeping and savings 
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departments provide information to tell- 
ers, drive-in tellers, new accounts and 
credit clerks, and savings tellers. In 
addition, reverse chains can provide for 
inspection of checks and other forms of 
exchange at tellers’ windows. 


TELEVISION INSTRUCTION 
PROCEDURES 


To most professional educators in the 
immediate postwar years, the apparently 
unlimited possibilities of television as 
an educational medium offered an ex- 
citing prospect. It was said that this new 
medium would create educational oppor- 
tunities richer than any in history, that 
it would resolve the teacher shortage by 
teaching the seemingly endless hordes of 
new students, that it would reduce juve- 
nile delinquency, elevate the adult cul- 
tural level, and generate a new era of 
science-minded students who could chal- 
lenge the products of Russian education. 

In the past decade, ETV has pene- 
trated almost every area of instruction 
and has been utilized by thousands of 
schools and universities throughout the 
country. Early in 1959, it was estimated 
that more than half a million school 
children and 100,000 college students 
were being instructed by television 
(Teaching by Television, 1959). By the 
spring of 1961, fifty-five ETV stations 
were on the air and an estimated 250 to 
300 closed-circuit systems were in opera- 
tion. Over a thousand televised courses 
were being broadcast over open-circuit 
TV in addition to hundreds transmitted 
to classrooms by means of closed-circuit 
operations (Meierhenry and McBride, 
1962). Approximately one-third of all 
public school students were in schools 
using television. 
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In all this flurry of interest and ac- 
tivity, certain fundamental problems 
haunt the educational ETV studio and 
the teachers who have been called upon 
to instruct over the video waves. One 
problem has to do with the hierarchy of 
control in the ETV studio. The educator 
who ventures into what he thinks is an 
exciting new medium for mass education 
and mass communication may find that 
it is better characterized as a maze of 
wires, technicians, and aggressive pro- 
gram directors. The activities of the 
studio conform not so much to the 
theories and opinions of the educators as 
to the established views of speech spe- 
cialists and theatrical producers. Amidst 
this pulling and hauling, there has been 
little systematic investigation of the 
various types of televised instruction and 
most of it follows fairly conventional 
procedures. 


Studio Lectures 
Many ETV programs follow the clas- 


sic pattern of lecturing from a podium 
but originate within the television stu- 
dio. In addition to his verbal presenta- 
tion, the lecturer can use illustrative 
material in the form of charts, black- 
board material, or other displays. He is 
fixed in a circumscribed position before 
the television camera, and is linked to 
the recording room by means of the 
wired microphone hung about his neck. 
His scope of action and modes of bodily 
expression are necessarily limited, for 
he must remember not to step on his 
microphone cable or to move too far 
from the myopic eye of the camera. Ac- 
cordingly, he tends to assume the stilted 
appearance of a Daguerreotype rather 
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than following his natural flair for ges- 
ticulating wildly, dancing about, or per- 
forming other acrobatics that may have 
endeared him to his regular students. 
Studio lectures are either recorded for 
later transmission or transmitted live to 
formal classes, to enrolled TV students 
outside the school, or to the public at 
large. The main advantages of using 
televised lectures on the teacher’s home 
campus are that he can record them at 
his own (and the studio’s) convenience 
and that several sections of the course 
can be scheduled instead of one large 
1960-1961, there 
were more live presentations of courses 
Over open-circuit ETV than recorded 
(Meierhenry and McBride, 1962), but 


the use of recorded programs is increas- 
ing. 


lecture section. In 


The Television Classroom 


. Another method of televising lectures 
is to go into the lecture room or amphi- 
theater with the camera and lighting 
equipment and record a lecture as it is 
being given to a class. Figure 5.12 il- 
lustrates some aspects of a televised uni- 
Versity course in sociology. The lecturer 
must remain in a relatively restricted 
area and confine his visual materials to 
those that can be picked up by the tele- 
Vision camera. 

Classroom lectures can be transmitted 
to remote classrooms in much the same 
Way as studio lectures. The photograph 
in Figure 5.12d shows a regularly sched- 
uled class being instructed by means of 
& monitor propped up before them. Their 
View of the televised image is inevitably 
Somewhat limited, inasmuch as 4 rather 
low level of illumination is needed in 
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order to display the detailed movements 
of the lecturer, particularly any writing 


he may do on the blackboard. 


Team Teaching 

Public school systems that make use 
of closed-circuit television have evolved 
techniques of team teaching to use the 
medium to best advantage. The studio 
teacher typically is responsible for just 
one presentation a day, which is trans- 
mitted to classrooms throughout the sys- 
tem. Classroom teachers are responsible 
for eliciting student participation, for 
leading discussions, answering ques- 
tions, giving individual help, stimulating 
outside activity in the subject area, giv- 
ing assignments, and conducting tests. 

Team teaching can be very effective 
where the participants have mastered 
the techniques. The studio teacher has 
plenty of time to prepare the daily les- 
sons, while the classroom teacher, re- 
lieved of much of the preparation, has 
time to devote to the students. In peri- 
odic conferences of the studio and class- 
room teachers, the course can be evalu- 
ated and improvements made. 


Specialized Demonstrations 

One of the most effective uses of ETV 
is as an audiovisual medium to give a 
variety of specialized instructions and 
ions. These include labora- 


demonstrat: 
do-it-yourself 


tory demonstrations, 
courses, medical demonstrations, and, as 
we have indicated in the section on 
TTV, industrial training courses and 
displays. Laboratory or therapeutic dem- 
onstrations can be given in the studio if 
not too much apparatus is required, or 
the television camera and lights can be 
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Figure 5.12. 


Classroom-originated program. a. Lecturer before the camera. b. 


General arrangement of equipment and personnel. c. Students discussing the pres- 
entation with a quiz section instructor after class. d. Receiving classroom with 
monitor. (Courtesy of Station WHA-TV, University of Wisconsin.) 


installed in the regular demonstration 
area. 


One example of a specialized demon- 
stration is given in Figure 5.13, which 
shows a post-mortem examination of the 
organs of tuberculous cattle televised for 
a farm audience. In this case, the uni- 
versity specialist can work in his own 
laboratory unhampered by observers, 
while the observers get a reasonably 
good view of the demonstration by 
means of monitors placed here and 
there around the auditorium. Special- 
purpose programs of this sort can be an 
effective contribution of ETV particu- 
larly on a state university campus where 


many special meetings and institutes are 
scheduled. Certain types of difficult-to- 
observe procedures, for example, thera- 
peutic procedures, lend themselves nat- 
urally to ETV demonstration. 

Television is used for many types of 
medical demonstration. Figure 5.14 il- 
lustrates some of the techniques used to 
demonstrate surgical procedures. Typi- 
cally, two cameras are used to record an 
operation, one mounted on a floor dolly 
and one on a movable boom to give 
superior close-up shots. Figure 5.14a 
shows how the floor camera gets a view 
of the operative field by means of a 
mirror mounted on a light. Small plastic 
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Figure 5.13. Special demonstration of cat- 
tle tuberculosis. a. Postmortem examination 
of tuberculous organs. 6. Farm audience view- 
ing the demonstration on closed-circuit moni- 
tors. (Courtesy of Station WHA-TV, Univer- 
sity of Wisconsin.) 


models can be used to explain the nature 
and approach of the operation and to in- 
dicate the location of the camera, and 
explanatory slides can be integrated into 
the demonstration. Tape-recorded surgi- 
cal demonstrations of this sort, complete 
wath related explanatory material, are 
highly effective when used to instruct 
medical students and others. 

‘ Improved television projection facili- 
ties have been developed for medical 
ETV, as shown in Figure 5.15. By means 
lag highly efficient Schmidt optical sys- 
tem, the light from the video tube is 
collected and projected onto 2 screen, 
So that the audience views a picture 
arger than the ordinary monitor image. 


fficient screen projection of this nature 
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Figure 5.14. Techniques used to apply ETV 
to medical demonstration and instruction. a. 
Dolly-mounted camera viewing operation by 
means of a mirror. b. Models used to demon- 
strate operative approach. c. Integrating ex- 
planatory slides into the demonstration. (Cour- 
tesy of RCA Manufacturing Company.) 


transforms the “21-inch classroom” into 
something more nearly approaching a 
motion-picture theater. However, the op- 
tical projection system is very expensive 
and hardly within the means of the 
ordinary ETV facility. 

In addition to its value for close-up 


Figure 5.15. 
Manufacturing Company.) 


demonstrations. the television eye is a 
very effective observer of interpersonal 
and group behavior for demonstration 
purposes. Some human relations situa- 
tions in industry that lend themselves to 
television instruction were pictured in 
Figure 5.10. A comparable technique is 
to televise classroom procedures in a 
laboratory school for the benefit of stu- 
dent teachers. By this means, large 
classes of teacher trainees can observe 
simultaneously a skilled teacher in ac- 
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Projecting a television image to a larger screen. (Courtesy of RCA 


tion. The pupils under observation be- 
come accustomed to the television eye 
and find it less distracting than changing 
groups of observers. 


Telemation 


We have made the point earlier in the 
chapter that one of the most significant 
characteristics of television as an edu- 
cational medium is that it can incor- 
porate all other forms of audiovisual 
display. By this we meant simply that 


Television Instruction Procedures 


any type of visual or auditory material 
can be transmitted by means of televi- 
sion. The teaching system dubbed tele- 
mation that we shall describe here does 
indeed incorporate all audiovisual tech- 
niques but in a somewhat more elaborate 
fashion than provided by television 
alone. The main purpose of telemation 
is to provide four or five sources of 
audiovisual stimulation to the student 
automatically and, if desired, simul- 
taneously. Depending on one’s concep- 
Non of educational design, the effect 
might be considered either a symphony 
or cacophony of sight and sound in the 
classroom, 

The photograph in Figure 5.16 shows 


Figure 5.16. 
Wisconsin.) 


A classroom equipped for telemation. 
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a specially equipped classroom where 
the teacher has available three viewing 
screens along with sound 
sources. He can show motion pictures on 
the large screen, still projections on one 
of the small screens, and a television im- 
age on the other small screen. Further, 
all of these displays can be cued on and 
off automatically as the teacher reads his 
lecture. A teleprompter device contains 
the script, which is reflected in a glass 
plate before the speaker’s eyes. As the 
lecture unrolls, small metal strips placed 
at appropriate points beside the words 
serve as keys to operate the various au- 
diovisual devices. That is, the movies, 
slides, film strips, television image, and 


various 


(Courtesy of University of 
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recorded sound are switched on and off 
according to the occurrence of the 
electrodes alongside the printed script 
of the lecture. 

Telemation has been referred to as an 
automated classroom, although on the 
surface the classroom appears little 
different from any other. All of the 
audiovisual paraphernalia—two _ slide 
projectors, a movie projector, a tape re- 
corder, teleprompter units, an opaque 
projector, a four-speaker sound system, 
controlled lighting, a television projec- 
tor, and the elaborate system of elec- 
tronics to control all these—are out of 
sight of the student. The cost of modify- 
ing the classroom and installing the 
equipment was said to be in excess of 
$100,000 and the yearly operating costs 
at least $25,000. 

In the development of this telemation 
system for general educational purposes 
as in some of the expensive training de- 
velopment programs that we shall de- 
scribe in a later chapter, we wonder 
whether general enthusiasm for the latest 
wonders of technology has been substi- 
tuted for a systematic evaluation of their 
worth. In our opinion, no educational 
advantage has been achieved with the 
telemated classroom that could not have 
been gained with simpler equipment at 
a fraction of the cost. For example, there 
is an audiovisumatic teaching machine 
to be described in Chapter 10 that can 
be keyed to present tape-recorded sound 
and visually projected material auto- 
matically in much the same way as the 
teleprompter unit does in telemation. 
This machine costs at most several hun- 
dred dollars. Add a standard television 
receiver and a movie projector and you 
have approximately the facilities of the 
telemated classroom. The advance prepa- 
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ration time required of the teacher 
would be no greater and the man hours 
needed for operation and maintenance 
might be considerably fewer. 

Our point is that, as of now, we have 
difficulty judging how much money to 
invest in alternative techniques because 
we do not have enough facts to make a 
conclusive evaluation of their relative 
worth. Our confidence in audiovisual 
teaching may be entirely justified but 
before we go much further in designing 
new educational technologies we should 
acquire a better understanding of the 
ones we already have. One way to go 
about this is to analyze the research 
evaluations, as we shall do for the audio- 
visual procedures in the next chapter. 
Another way is to try to interpret the 
procedures in terms of theoretical con- 
cepts of learning. As we have said, our 
judgment is that attempts of this sort 
have not been very successful. We shall 
try to justify that opinion in the next 
section. 


THEORETICAL INTERPRETATIONS 
OF AUDIOVISUAL LEARNING 


Until recently, specialists in audio- 
visual education have expressed little or 
no concern with theory, while behavior 
and learning theorists, on the other 
hand, rarely have considered the prob- 
lems of audiovisual learning. Conse- 
quently, certain recent efforts (Meier- 
henry, 1961; Miller et al., 1957) to 
achieve some communication between 
the theorists and the practitioners seem 
a little forced and leave one with the 
feeling that the theorists would like to do 
their duty by AV education and then get 
back to the safety of their own labora- 
tories. We shall summarize here some of 
these theoretical interpretations, paying 
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particular attention to a series of papers 
published by the Audiovisual Communi- 
cation Review in 1961 under the editor- 
ship of Meierhenry (1961). The papers 
were prepared by a number of promi- 
nent learning theorists at the request of 
a committee of AV specialists whose 
purpose was to promote more and bet- 
ter research in the audiovisual field by 
considering the relationship of learning 
theories to instructional materials. 


Motivation Interpretation 


Perhaps the easiest way for a psy- 
chologist to categorize audiovisual tech- 
niques is as motivational devices, or 
aids to the “real” learning process. This 
characteristic is given primary impor- 
tance in McDonald’s (1961) theoretical 
analysis of audiovisual materials. He did 
not deny that audiovisual devices might 
Serve as specific instructional tools, but 
he attached more importance to their 
Motivating value in arousing the interest 
of students and in directing attention to 
the relevant aspects of a task. 

Thasmuch as audiovisual devices may 
. highly motivating without guarantee- 
ing that the right kind of learning will 
take place, McDonald stressed the im- 
Portance of using the devices properly to 
create learning sets, or to orient the in- 

Widual in the right direction. How- 
ao the orienting effect may depend on 
‘he personality of the individual as well 
4s the nature of the audiovisual material. 

°r this reason, McDonald suggested 
ie an area of audiovisual research 
uld be concerned with the interaction 
and oon Particular classroom procedures 
Bice variables. A further im- 
that ton drawn by Deese (1961) was 
It would be helpful if each film or 


instructional device were accompanied 
by normative information about its ef- 
fects on different groups. 


Stimulus-Response 
Learning Theory 

Interpretations of audiovisual learning 
in terms of current stimulus-response- 
reinforcement theories of learning are 
disappointing, in that they fail to come 
to grips with the realities of the class- 
room. In a_ representative analysis, 
Kendler (1961) called attention to the 
important variables of learning as de- 
scribed by the stimulus-response model. 
In this language, learning means that a 
response become connected to a stimulus 
because of the occurrence of reinforce- 
ment. Kendler pointed out what has be- 
come all too obvious, that the tendency 
in “pure” learning research during the 
last few decades has been toward simpler 
and simpler experimental procedures. 
The opinion of S-R learning theorists is 
that this limiting of experimental vari- 
ables has brought them closer and closer 
to the heart of the matter—to the real 
learning process which presumably is 
the same for all kinds and conditions of 
learning. Kendler’s advice to AV re- 
searchers was to emulate this method of 
attack and to simplify AV research by 
developing a few “basic research pro- 
cedures” with a limited number of vari- 
ables. However, Kendler recognized that 
AV evaluative studies deal with mate- 
rials containing a “conglomeration of 
variables” that defy isolation and analy- 
sis. How does the learning theorist han- 
dle this problem? The answer is that he 
doesn’t. He passes the buck back to the 
educator. In Kendler’s words, “. . . the 
evaluation of training films presents a 
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different problem from that of under- 
standing the audiovisual learning proc- 
ess. As such, they demand two different 
kinds of solutions.” 

To our mind, this voluntary with- 
drawal of learning theorists from the 
real-life problems of meaningful learn- 
ing is a measure of their inadequacy in 
dealing with human behavior. But the 
thing that we deplore about current 
learning theory—the artificial simplicity 
of their model of behavior—is a source 
of pride to the theorists themselves. To 
quote Kendler, “Their (the S-R learning 
psychologists’) productivity is in some 
measure due to the fruitful and cleansing 
effect that stimulus-response language 
has upon designing, reporting, and in- 
terpreting research.” We agree with this 
statement to some extent; S-R learning 
research certainly has been cleansed of 
most of the difficult, troublesome, and 
yet fascinating aspects of man’s day-to- 
day behavior. But in purifying their ap- 
proach, the learning theorists are in 
danger of losing contact with reality. 

There is, however, one area of rapport 
between S-R learning theory and the ed- 
ucational arena, and that is the teaching 
machine or procedures of self-instruc- 
tion. Here S-R psychology comes into its 
own, for the Stimulus, the Response, and 
the Reinforcement can be _ identified, 
serialized, and manipulated. The re- 
searcher is relieved of the responsibility 
of guessing or trying to analyze what the 
student is doing while watching a film 
or television, or listening to a record or 
radio. For better or worse, his behavior 
(at least some of his behavior) is 
brought out into the open where it can 
be chopped up and accounted for. S-R 


learning theorists feel more comfortable 
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with teaching machines than with other 
audiovisual techniques, for they feel that 
the student’s (overtly) active role with 
a self-instruction device is more condu- 
cive to learning than his (seemingly ) 
passive role before audiovisual displays. 
Kendler concluded that the “best of all 
education worlds will result” from in- 
corporating audiovisual techniques with 
those of teaching machines or pro- 
gramed texts. Glaser’s (1961) paper on 
“Learning and the Technology of In- 
struction” considered autoinstructional 
devices almost to the exclusion of all 
other techniques. Finally Deese (1961) 
threw the standard AV devices back into 
the motivation hopper by distinguishing 
between what he called “true audio- 
visual aids” and direct instructional 
techniques. We shall return to a theoreti- 
cal analysis of teaching-machine learn- 
ing in a later chapter. 


Pragmatic Approach 

A more practical approach to the 
problems of audiovisual learning was 
taken by Postman (1961), who confined 
his analysis largely to some of the em- 
pirical findings of learning research that 
have meaning for classroom education. 
He stressed the importance of requiring 
students to practice or recite the re- 
sponses to be learned. Such rehearsal not 
only makes the responses more available 
to the learner but probably serves to 
motivate him more highly than when 
only passive observation is required. 

Other factors that influence learning 
are the associative contexts of stimuli 
and responses that have been built up 
prior to the immediate learning situa- 
tions. In other words, the meaningful- 
ness of material affects the speed of 
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learning. However, the effect of prior as- 
Sociations on new ones involves the 
tricky problems of transfer of training, 
which may be either positive or negative. 
Postman gave these two general princi- 
Ples of transfer: (a) “the magnitude of 
i transfer effects increases as a func- 
Hon of the similarity of the stimuli’; 
and (b) “the degree to which the effects 
are positive or negative depends on the 
relationship between the responses re- 
quired in successive tasks.” The obvious 
implication for teaching and training is 
that procedures should be designed to 
oo positive transfer from earlier 
oo and to new situations. Thus class- 
“s ‘ tasks should be made very similar 
ater applications. 

Ps len concluded his paper with 
statement: “. . . the analysis of the 
Mopac of audiovisual education does 
oe call for the formulation of special 
fe ae it calls for the application 
@ elaboration of the general laws of 
uman learning.” We have no particular 
aig with the “laws of learning” as 
out be £0, but would like to point 
this 5 their usefulness is as limited as 
a ora designs that have defined 
ee a ostman’s generalizations have 
of re Ws almost entirely from studies 
emphasis rote Jearning with es er 
Ses a simple motor-ski : seit 

Cated gested in Chapter , comp 
Rite ee skills can be 
traditio vei nor controlled in the 
Work A laws of learning” frame: 
Tue of oe we are sure that this is just is 
Sight iad € complicated integrations 0 
Verbal sound and of verbal and wh 
clieve ee in the classroom. : 
Ueatio at the analysis of audinwieus 
n does require special princi- 
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ples and special research designs, going 
beyond the type of study championed by 
Postman and S-R learning theorists in 
general. 


Implications of a Gestalt Analysis 

To our mind, the most interesting and 
in many ways the most meaningful 
paper of the series we have been re- 
viewing is the one prepared by Luchins 
(1961). Following the gestalt tradition, 
Luchins did not make an explicit state- 
ment of a theory of learning, but his 
comments about the important features 
in learning situations appear to us more 
perceptive of the realities of behavior 
than the analyses couched in behavior- 
istic terms. 

One of Luchins’ important contribu- 
tions was to call attention to the weak- 
nesses in current motivation doctrine. 
The complementary concepts of motiva- 
tion and reinforcement in learning 
theory have led to some outstanding ex- 
amples of circular reasoning from which 
it is difficult to escape. The idea that in- 
dividuals are activated by drives or 
motives or wants is accepted in psy- 
chology almost as a truism. Thus mo- 
tivated, an individual learns an act that 
nforced. In order for learning to 


is rei 
the learner must want something 


occur, 
and must get something that he wants 
(Miller et al., 1957). Reinforcement 
learning theorists sometimes ignore the 
motive, but they cannot ignore the rein- 
forcement because their learning model 
is based upon it When it is impossible 
to identify the reinforcement in a par- 
ticular situation, one can always fall 
back on the definition that a reinforcer 
is any condition which increases the 


134 


probability of a correct response (see 
Postman, 1961). 

Luchins recalled the words of Wer- 
theimer to express his impatience with 
this kind of reasoning: “Wertheimer is 
against the idea that the natural state of 
man is inactivity, and that theories of 
motivation are needed to account for his 
activity. .. . He suggests that the prob- 
lem is to account for inactivity.” We feel 
that this idea has great merit and wish 
that Luchins had pursued it further. We 
too believe that man’s natural condition 
is one of activity, and that it can be 
accounted for without resorting to drives 
or motives as energizing forces. To us 
this is more than a philosophical ques- 
tion and involves an understanding of 
the mode of action of the response 
mechanism. Our idea is that the sensori- 
neuromotor system is organized in such 
a way that the individual constantly re- 
acts to differences in his stimulus en- 
vironment—visual, auditory, tactual, 
and so on. In an audiovisual situation, 
the student’s responses need not be mo- 
tivated extrinsically, inasmuch as they 
are intrinsically energized. 

Luchins made a further comment that 
bears repeating: “To understand be- 
havior, it is not sufficient to focus on 
the needs or motives (actual or theoreti- 
cal) of the person qua person. The 
situation, too, may have requirements.” 
Luchins was referring, of course, to 
what are known in gestalt psychology as 
field forces. While our own language 
and interpretation differ somewhat, we 
make a very similar point when we say 
that behavior is organized in part ac- 
cording to the spatial and temporal re- 
quirements of a particular situation. 

Luchins’ main emphasis was that we 
should be concerned not just with the 
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responses involved in learning but with 
the processes that lead to responses. It is 
better to understand what one is doing 
even if some errors are made than to 
perform correct responses blindly or 
mechanically. It is in this connection 
that audiovisual devices might achieve 
their greatest importance. By providing 
superior displays, audiovisual devices 
promote better understanding of system 
and organization than might be gained 
from a verbal description alone. We 
have made this point in different words 
by saying that nonverbal communication 
supports and enhances the meaning of 
verbal communication. 

In our opinion, Luchins’ analysis has 
the strengths and weaknesses of gestalt 
psychology in general. It recognizes 
some of the significant organizational 
features of human behavior but fails to 
extend its explanatory principles beyond 
the cognitive and perceptual level. Ges- 
talt_ psychology emphasizes perceptual 
features at the expense of the comple- 
mentary motor features of behavior and 
ignores the basic feedback mechanisms 
underlying behavior organization. Be- 
cause of its special emphasis on percep- 
tion and cognition, gestalt psychology 
has been incapable of generating critical 
objective behavioral studies that go 
much beyond rather general demonstra- 
tions. 


Approaches to Audiovisual 
Research 


The S-R theories of learning have two 
general features that have prevented 
their generating significant research in 
the field of audiovisual communication 
and learning. One is the idea that all 
kinds of behavior, including nonverbal 
audiovisual patterns, are acquired ac- 
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cording to the animal-based formulas of 
reinforcement learning or the associa- 
ion principles of verbal rote learning. 
Little credence is given to the idea that 
learning in audiovisual situations should 
ba analyzed in terms of the operations 
involved. Audiovisual research can bor- 
Tow general learning principles from the 
Psychological laboratories, but at some 
critical stage these theoretical ideas, if 
they are to be used at all, must be ex- 
tended to fit the human operations of 
audiovisual communication. The fact 
that Great difficulty is encountered in de- 
Signing meaningful audiovisual research 
i a traditional learning context is in 
eel a good index of the limited sig- 
nificance of the conventional concepts. 
A second limitation of conventional 
thinking is the belief that any particular 
audiovisual device or medium of non- 
verbal communication has relatively in- 
variant properties as an aid to verbal 
se. which can be studied and as- 
essed independently of the operational 
Situation. Kendler (1961), for example, 
ged AV researchers to develop a few 
rts research procedures” as a base 
audi which to evaluate all the effects of 
Ovisual variables. This point of view 
thie not recognize that audiovisual vari- 
S cannot be studied in the abstract 
— are a function of particular opera 
onal systems. 

tion” audiovisual research field needs 
ia emphasis on the human engineer- 
did of view that has been found 
Sime for research on other types of 
esis learning and training situa- 
gener ae approach does not consider 
Len nee learning variables of primary 
agi in understanding the a 
trainin, of instrumental teaching an 
& but emphasizes jnstead the in- 
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fluence of such design factors as the na- 
ture of perceptual displays and the pat- 
tern of response control. In the next 
chapter, we shall see that some audio- 
visual research adopts the human factors 
approach and attempts to study learning 
as a function of design variables in the 
particular situation. Other studies take 
a more conventional approach. All too 
often, however, the intent of audiovisual 
research has been to make a direct over- 
all comparison between some new 
method and established classroom teach- 
ing procedures without analyzing the 
critical variables in either. 


SUMMARY 


1. Audiovisual technology has far 
outdistanced theory. Each new technique 
has been accepted at face value with no 
theoretical rationale. 

2. Radio broadcasting originated in 
an educational context and was used for 
instructional purposes from the start. 
Educational radio has extended univer- 
sity influence in several special areas 
but has not influenced classroom teach- 
ing techniques to any great extent. 

3, Educational television was launched 
on a large scale in the early 1950s with 
foundation support after the FCC re- 
leased 242 video channels for educa- 
tional use. A television facility requires 
extensive instrumentation and a large 
technical staff. 

4. Television programs 
mitted either by broadcasting or by 
means of closed-circuit camera-monitor 
chains linked by wire. The latter are 
less expensive and usually make use of 


are trans- 


smaller cameras. 
5. Color television and stereoscopic 


television have limited use in ETY. 
Color sometimes is used for medical and 
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dental demonstrations, and stereoscopic 
displays are valuable in training remote 
control techniques. 

6. Two standard methods of record- 
ing television programs for later use are 
by means of kinescopic photography 
(motion pictures ) and magnetic record- 
ing on video-tape. A video-tape can be 
played back immediately and can be 
erased and reused. 

7. Newly developed thermoplastic re- 
cording promises to be a valuable 
storage technique because of the record- 
ing density it provides. 

8. Television recording makes possi- 
ble storing unusual demonstrations for 
instructional use. Immediate playback of 
a televised record is valuable in train- 
ing in complicated or dangerous skills. 

9. Closed-circuit ETV in school sys- 
tems typically includes one or more 
laboratory-classrooms where programs 
are originated. Systems of distribution 
to receiver classrooms vary in complex- 
ity and flexibility. 

10. Ordinary broadcast ETV is lim- 
ited in its reception area to a radius of 
twenty-five to fifty miles. However, the 
Midwest Airborne Television Program 
has extended its effective range to over 
150 miles by broadcasting from a roving 
plane. 

11. Closed-circuit television via a na- 
tional wire service can be used for com- 
mercial meetings and business confer- 
ences. The method is expensive but 
favored by the companies that use it 
because it provides effective communica- 
tion with field representatives. 

12. Training in human relations pro- 
cedures in industry and elsewhere can 
be given by means of television viewing 
of actual problems and operations. 

13. Television techniques provide ef- 
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fective simulation training in such skills 
as driving and piloting. 

14. Closed-circuit chains installed in 
industries, businesses, banks, hospitals, 
and so on for the purpose of remote ob- 
servation and control also can be used as 
a training medium for new workers. 

15. Much ETV teaching is conven- 
tional in nature, following established 
procedures of lecturing with coordinated 
visual displays. Lectures may be tele- 
vised either in studios or in classrooms. 

16. ETV in public schools uses team 
teaching to advantage. 

17. ETV is a natural medium for 
many specialized demonstrations of lab- 
oratory, therapeutic, and medical pro- 
cedures. Installed in a laboratory school, 
ETV can televise classroom techniques 
for the benefit of teacher trainees. 

18. Telemation is a name applied to 
an automated classroom, which provides 
facilities for automatic presentation of 
all types of audiovisual materials along 
with a formal lecture. This very expen- 
sive installation may not be justified in 
view of the fact that almost the same 
advantages can be achieved by much 
cheaper means. 

19. In a recent series of papers, learn- 
ing theorists attempted to interpret audio- 
visual techniques in terms of their own 
concepts. The common motivational in- 
terpretation is that AV devices function 
as aids to learning by arousing interest 
and orienting the student in the right 
direction. 

20. The S-R learning model which 
stresses the importance of reinforce- 
ment is too simplified to deal with or- 
dinary audiovisual situations. S-R theo- 
rists prefer teaching machines to other 
audiovisual devices, because the stimu- 
lus, response, and reinforcement can be 


Summary 


brought out into the open and con- 
trolled. 

21. A practical approach to AV re- 
Search is to try to fit it into the laws- 
of-learning mold, dealing with recitation, 
meaningfulness of material, positive and 
negative transfer, and the like. Since 
these laws were derived mainly from 
Tote verbal learning studies, they are too 
limited to deal with complicated audio- 
visual learning. 

22. Gestalt psychology points out the 
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weaknesses in conventional learning 
theory and emphasizes the organiza- 
tional approach without basing its analy- 
ses firmly on objectively defined be- 
havior mechanisms. 

23. Conventional 
have not generated significant audio- 
visual research. This field needs greater 
emphasis on the human engineering or 
human factors approach which analyzes 
design variables in the audiovisual learn- 


learning theories 


ing situation. 


CHAPTER 


6 


Evaluating 


Audiovisual Learning 


Early research on audiovisual learning 
had very little background within the 
experimental psychology of learning. 
Early studies on the relative effective- 
ness of different sensory modes or chan- 
nels in promoting learning were ap- 
plicable to this area but were too limited 
in design and results to be of any real 
help to educators interested specifically 
in the new teaching techniques. On the 
other hand, the specialized research ac- 
tivity that was generated by each new 
audiovisual technique usually had little 
significance for a general science of 
learning. Many of the earlier studies of 
films and radio, for example, seem to 
reflect more 
gadgetry as such than in the behavioral 


interest in classroom 
significance of audiovisual procedures 
and the influence of audiovisual design 
on the course of learning. Consequently 
we shall not attempt a detailed summary 
of early audiovisual research. 

Since the late 1940s, stimulated by the 
extensive use of training films in World 
War II, there has been a new orienta- 
tion in the audiovisual research field 
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which brings it into much closer rapport 
with functional learning psychology. 
Efforts to study specific design variables 
in relation to learning efficiency have 
produced experiments on the optimal ar- 
rangement of demonstration and _ prac- 
tice sequences in training films, on the 
role of student participation, on the use 
of organizing titles in films, on the 
relative effectiveness of black-and-white 
and color, and many others. Such analy- 
ses of audiovisual design have general 
import for learning science in addition 
to their practical implications for teach- 
ers and educators. 


RESEARCH ON SPECIFIC 
TECHNIQUES 


The first research on the effects of 
motion picture films as an instructional 
medium was carried out by two prom- 
inent psychologists who are remembered 
not for this collaborative effort but for 
their separate impact on general theo- 
retical psychology. In the 1920s, Lashley 
and Watson (1922) reported a study of 
the effectiveness of films in a venereal 
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disease campaign. Their results showed 
that films were effective in inducing per- 
sons infected with venereal disease to 
seek treatment. Since that time there 
have been numerous studies on the gen- 
eral effectiveness of films, graphics, and 
other techniques in promoting learning 
and in motivating individuals to action. 
Detailed summaries of these evaluative 
studies have been prepared by Hoban 
and Van Ormer (1950), May and Lums- 
daine (1958), McClusky (1949), Sten- 
ius (1945), and Wendt and Butts 
(1962). For our present purposes, we 
shall attempt to describe some of the 
Most important results of research in 
7 Sad without getting involved in 
ail, 


Motivational Effects 
The Motivational effects of films on be- 
sect outside the audiovisual learning 
of tj vik have been studied a number 
Sheen since Lashley’s and Watson’s 
clusi study, with generally incon 
fobad results, Hovland et al. (1949) 
ati that films enhance the amount of 
Such m8 done by school children, but no 
a effect was found with 
Hine trained by films. May and 
Yeaules wit (1958) reported equivocal 
Ments ‘ae school children from experi: 
Portia designed to test whether showing 
hei of story films (for example, 
Sponta Copperfield) would _ increase 
Sndiate reading of the book. No 
Ors Sive results were found. These au- 
Seein i slight evidence to show that 
readin ilms in class improves reading 
ay ss of school children. A study by 
that Pi Jenkinson (1953) indicated 
after ha who read the novel Kidnapped 
ew ie a short film made up of a 
€resting episodes read more care- 


fully and remembered more than those 
who had seen the entire film before vol- 
untarily reading the book. 

Another study reported by May and 
Lumsdaine tried to measure changes in 
attitude toward due process of law after 
showings of films depicting mob action 
such as lynching, and so on. The experi- 
menters found the interesting but per- 
haps not surprising result that following 
the films, attitudes changed in both di- 
rections, socially desirable and socially 
undesirable. The positive effects on good 
and poor citizens among the pupils, as 
designated by the teachers, were about 
the same, but the poor citizen group 
showed a greater tendency toward 
changing their attitudes in a socially 
undesirable direction. The over-all result 


was a mean net gain in attitude scores 


among the good group and a mean net 
loss among the poor group—a@ difference 
that was statistically significant. 

The difficulty in predicting attitudinal 
shifts caused by films has been found in 
other studies as well. Merrill (1962) 
tried to measure the changes induced by 
a dramatic and suspenseful film on 
traffic safety and concluded that if a film 
is fearful enough, it arouses “defensive 
avoidance” that may prevent a shift in 
attitude. The implication is that the 
propaganda effect of films is not as clear- 
cut as some have believed. The use of 
films for such acceptable propaganda 
purposes as the attempt to change ethnic 
attitudes has had only the most limited 
success. On the other hand, films are no 
more useful for deliberate deception, for 
s to be more difficult to deceive 


it appear 
people with simulation and outright 
misrepresentation in motion pictures 


than with words. Thus it is not always 


possible to predict whether deceptive 
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film propaganda will be accepted or will 
boomerang. 

A. study by Hovland and Weiss 
(1951-1952) indicated that original 
opinions about the source of material 
influence the effectiveness of the presen- 
tation. If a source was believed to be 
trustworthy, opinions were changed sig- 
nificantly toward acceptance of the ma- 
terial, whereas material from a source 
believed to be untrustworthy was re- 
membered as well but did not change 
opinions. 

A number of studies have tried to de- 
termine whether there is a correlation 
between interest in instructional ma- 
terials and the amount learned from 
them. Although one investigation of 
radio presentations found a high corre- 
lation between expressed interest and 
amount learned (Chall and Dial, 1948), 
later studies of visual presentations 
found no such relationship. Brandon 
(1955), Jorgenson (1955), Vander- 
Meer (1954), and Vernon (1953a) all 
reported insignificant or very low corre- 
lation values between expressed interest 


in film or and 


television material 
amount learned. 

Studies of the relation between age 
and learning from films may be ap- 
plicable here. The early research of 
Jones (1928) showed that the level of in- 
formational learning achieved by film 
instruction varies significantly with age. 
The curve for such learning rises to a 
peak in the mid twenties and then de- 
clines thereafter—a much earlier peak- 
ing effect than is found with ordinary 
studies of learning at different ages. The 
effect probably is due in part to motiva- 
that is, 
people are more interested in the film 


tional differences; younger 


presentations and observe them more 
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attentively. However, there is no con- 
that learning from 
visual material correlates significantly 
with expressed interest. Studies that have 
approached this problem by trying to re- 
late affiliative attitudes 
toward characters in a film and prestige 


clusive evidence 


learning to 


attitudes have found minor and incon- 
sistent differences in learning—results 
which do not change our generally nega- 
tive conclusion. 


General Learning Effects 


A major conclusion of the earlier re- 
search is that all of the principal audio- 
visual techniques have proved valuable 
in promoting learning at all grade levels 
of schooling and for certain parts, at 
least, of a great many school subjects. 
In general, it has been concluded that 
graphic-verbal means of communication 
are better than verbal alone, and that in 
some appropriate film is 
equivalent to an average teacher. How- 
ever, this result has not been found uni- 
versally, for many variables in the audio- 


cases an 


visual materials, in the audience, and in 
the teaching-responding situation in- 
fluence the learning that occurs. 
Recently there has been considerable 
interest in measuring the relative effec- 
tiveness of presenting full courses of 
integrated films (Wendt Butts, 
1962). In one study, the use of a care 
fully designed set of films on world his- 
tory was instrumental in accelerating 
a ninth grade course from the normal 
one-year period to one semester with no 
loss in learning. Other studies measur- 


and 


ing the effectiveness of integrated films 
have not always confirmed this finding. 
In some cases the films were advan- 
tageous, in some cases they produced no 
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significant differences, and occasionally 
they proved disadvantageous. Appar- 
Srily ca steady diet of film presentations 
Over an entire course, even when com- 
bined with conventional teaching, was 
“adie — for some students and 
dienes ee hers. Interactions between in- 
ais onal value of materials and mo- 
Uvational factors occur again and again 
rome nip research and make 

pretations difficult. 
ke Si limited teaching purposes, 
ie. iy ely have been found as 
eld { aye teaching. Dworkin and 
of grad 959) used two matched groups 
pare Sie engineering students to com- 
lax ee teaching effectiveness of a regu- 
Minute sreonk lecture with four fifteen- 
oa, Pe filmstrips prepared by the 
in iene. her. No significant differences 
Criteria ing were found in terms of the 
film i used, but almost half of the 
liked is Cs reported that they would have 
opham rain been able to ask questions. 
ventional. ah 1962) compared a con- 
With 4 lecture-discussion procedure 
Presenti,, experimental procedure of 
Owed “ni lectures on tape fol- 
e dain : HSCUSSION, periods either with 
Sion i aa or with a student discus- 
Were foy ‘7 No significant differences 
(1961) a on the criterion test. Follettie 
@nd taped reported that he found live 
Films a oem to be equally effective. 
aid in thie Ht graphics, if properly used, 
and moto acquisition of many perceptual 
edge, (om t skills as well as verbal knowl- 
More nian skills appear to be aided 
n simple skills. In order to be 


Sue, 
Cessf, : 
ul, however, the visual materials 


Ust 
Special Presented in effective ways and 
ours Y at optimal times during the 


€ a 
wt learning. Thus we see that the 


gan; 
Anizat 7 
ation of the instructional situa- 
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tion is as important as the materials 
used. 

Carefully prepared film demonstra- 
tions and graphic displays have been 
shown to aid in forming scientific con- 
cepts. Young children are aided rela- 
tively more by such visual presentations 
than older children. This should not be 
interpreted as meaning that children of 
lower knowledge levels generally bene- 
fit more from films, for other studies 
have shown that students who initially 
were better prepared either because of 
ability or knowledge gained more from 
films than students who were more 
poorly prepared. In any case, the ma- 
terials should be appropriate to the 
ability level of the intended audience for 


maximal effectiveness. 


Single Versus Multiple Channels 


Hartman (1961b) has reviewed an 
extensive group of experiments on the 
relative effectiveness of different com- 
munication channels, singly and in com- 
bination. Most of these studies date from 
the 1930s, when the use of radio in the 
school stimulated research comparisons 
of auditory and visual presentations of 
verbal material. The so-called audio and 
print channels also have been compared 
with pictorial presentations. 

According to Hartman, Miinsterberg 
and Bigham made one of the first contri- 
butions to this area of research in their 
study of memory published in 1894. 
They observed that simultaneous pres- 
entation of unrelated auditory and 
visual material reduced the amount of 
learning from both channels. Even in 
studies that have presented related ma- 
terials, the interference effect sometimes 


js found. 
Hartman’s summary of research re- 
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sults indicates that audio is generally a 
more effective single channel than print 
for young children and illiterates and 
for literate people when the material 
presented is simple and easily under- 
stood. Print shows an increasing advan- 
tage for literate individuals as the 
difficulty of the material increases. The 
few studies comparing pictorial pres- 
entations with print or audio have been 
poorly controlled and thus no definite 
conclusions can be drawn. 

Studies of multiple-channel combina- 
tions present a number of difficulties and 
have produced somewhat inconsistent 
results. In general, presentation of the 
same material by simultaneous audio 
and print channels produces more learn- 
ing than either channel alone. When 
related pictorial material is presented 
along with verbal material, there usually 
is an increment in learning, although 
the audio-pictorial combination is less 
effective than print-pictorial. Hartman 
concluded that the evidence strongly 
indicates an advantage for combined 
channels over a single channel. 

An experiment carried out by Hart- 
man (196la) illustrates some of the 
difficulties of multiple-channel compari- 
sons. He paired twenty-five portraits 
with names and then presented them by 
single channels or in all combinations of 
multiple channels. was by 
recognition among a longer series. Com- 
bined audio-print was better than either 
verbal channel alone, but when pictures 
were added, the number of items learned 
decreased. Hartman interpreted this as 


Testing 


an interference effect, similar to that 
described by Miinsterberg and Bigham, 
probably due to divided attention. His 
results also led to the conclusion that 
multiple channel presentations do not 
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increase learning over a single channel 
unless the testing condition also contains 
the additional cues. 

This conclusion of Hartman’s points 
up one of the greatest difficulties and 
weaknesses of audiovisual research. Im- 
plicit in many of the older research 
designs which tried to make direct com- 
parisons between different techniques 
was the assumption that different types 
of instruction promoted the same type 
of learning—presumably the learning 
of verbal knowledge. These experimental 
comparisons usually were based on 
verbal criterion tests, for it was not 
realized that specialized audiovisual pro- 
cedures might teach specialized non- 
verbal knowledge. 


Verbal and Nonverbal Learning 


Learning from films, graphics, and 
other audiovisual techniques is likely to 
be very specific to the materials used, 
and it is not completely valid to try to 
make direct comparisons with learning 
from conventional verbal teaching. How- 
ever, most studies of audiovisual tech- 
niques have assessed their effectiveness 
on the basis of verbal tests and have 
made no attempt to measure acquisition 
of nonverbal knowledge and skill. One 
reason for this deficiency in research 
design is that we have as yet few tests 
of nonverbal performance and, accord- 
ingly, no entirely satisfactory measures 
of the effectiveness of audiovisual in- 
struction in promoting learning, prob- 
lem solving, and retention. When verbal 
achievement examinations are used to 
measure the effects of both live verbal 
instruction and instruction by means of 
the audiovisual techniques, they in- 
evitably tend to favor the verbal medium 
the audiovisual 


over nonverbal or 
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medium, Many kinds of nonverbal per- 
formance—for example, the kinds of 
learned skills needed by the artist. crafts- 
ani actor, architect, designer, inventor, 
Scientist. production engineer, or the 
& te river or aircraft pilot—may bene- 
rom audiovisual instruction even 
though the verbal tests cannot measure 

their progress. 
mt opinion, many seemingly wall 
: ed comparisons of two teaching 
tee have failed to turn up important 
a ag in learning because the 
to egal us criteria have been limited 
ised tests. An example is a study 
(1959) pee by Westley and Barrow 
effectiy esigned to measure the relative 
preening 1 of radio and television 
Btams a; background-of-the-news pro- 
. oe sixth graders in public schools. 
Tadio Sing were prepared carefully for 
é one then adapted for television. 
Beach nenrator and commentator 
Sions, he oth radio and television ver- 
Were 1 i number of subjects 
8toups a . (228 in all) and the two 
© their vere equated roughly according 
California 1Q’s as measured by the 
Our fies Test of Mental Maturity. 
petimertal s were broadcast to both 
Tam aeuiel groups. After each pro- 
formeg neaiate recall of ‘factual in- 
Ouriten, was measured by a twenty- 
Tecal] Was multiple-choice test. Delayed 
“ast Pro measured six weeks after the 
item peg by means of a thirty-two- 
Consisting of the eight items 
Bond 1 immediate recall test which 
iscrimminy item analysis to be the best 
Wor tors. The results of this study 
ediate television over radio for 1m- 
di ge, of information, but the 
as small. = statistically significant, 
- The mean score for the tele- 


Tom 
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vision group was 16.48, while that for 
the radio group was 15.27. After six 
weeks, the slight remaining difference 
between the groups was not statistically 
significant. Our point is that the verbal 
tests used as criteria of learning may not 
have been adequate to differentiate be- 
tween the purely verbal and the audio- 
visual presentations. 

Some research evidence can be found 
to support our belief that audiovisual in- 
struction cannot be evaluated in terms of 
verbal performance criteria. A study 
by Radlow (1955), for example, showed 
that the effects of film instruction 
assessed by means of a nonverbal dia- 
gram test varied significantly from the 
effects as measured by a verbal test. 
Nelson and VanderMeer (1955) showed 
much the same thing by comparing per- 
on tests consisting of line 
diagrams and tests made up of verbal 
items after instruction by means of 
films. Lefkowith’s (1955) study revealed 
even greater specificity of learning from 
graphic materials. The results favored 
line drawings when learning was tested 
with line drawings but favored still 
pictures when the tests utilized still 
pictures. In a study designed to test the 
effect of verbalization on retention of a 
set of stimulus objects presented in pic- 
torial form, Kurtz and Hovland (1953) 
found that subjects who verbalized their 
during the original presenta- 
pered the stimuli more ac- 
hose who simply circled 
corresponding pictures on another paper. 
However: the verbalization group 
achieved their superiority by performing 
relatively better on @ verbal retention 
test; the nonverbalization group did al- 
most equally well on a visual test. 

Irwin and Aronson (1958) attacked 


formance 


responses 
tion remem 
curately than t 
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the problem of verbal versus nonverbal 
learning by trying to devise nonverbal 
visual test procedures specifically to 
assess audiovisual learning. In order to 
compare the effects of conventional 
methods of teaching and highly visu- 
alized instruction, they designed a series 
of film tests which presented perform- 
ances and activities either correctly or 
incorrectly depicting what had _ been 
taught. Students were required to judge 
the correctness and incorrectness of the 
nonverbal items presented on film and 
were also tested by verbal tests. The 
results of this research showed clearly 
that test performance is related to the 
method of instruction. Students who 
were taught visually by films were able 
to perform in a superior way on non- 
verbal tests, while those who were taught 
verbally performed more effectively on 
verbal tests. Results of this nature make 
us question the validity of some of the 
early studies that failed to find any 
significant effects of visual training, for 
in most cases these studies were not 
designed to detect the specialized learn- 
ing effects that occurred. Evaluations are 
no better than the evaluative procedures 
used, and it seems clear that verbal and 
nonverbal performance cannot be meas- 
ured by the same yardstick. 


RESEARCH ON DESIGN 
VARIABLES 


Most of the studies to be described in 
this section could be incorporated very 
easily into conventional learning psy- 
chology as investigations of the prin- 
ciples of learning economy. However, 
here we are dealing with those principles 
in relation to specific audiovisual tech- 
niques, more often than not motion 
picture films. 
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Instructional Sequencing 


We indicated in Chapter 2 that there 
are no generally valid statements that 
can be made about the sequencing of 
practice, that is, about the relative ef- 
fectiveness of distributed versus massed 
practice or of part versus whole learning. 
This statement is amply borne out by 
research on optimal sequencing pro- 
cedures in instructional films. A series of 
studies reviewed by Lumsdaine (1961) 
leads to no definite conclusion except 
that each kind of training presents its 
own special problems. 

In teaching a complex motor assembly 
sequence by means of a demonstration 
film, it was found to be more effective 
to intersperse practice periods after each 
natural demonstration unit. On the other 
hand, in teaching a geometric construc- 
tion task by means of film, it was found 
that breaking into the film for practice 
after small demonstration segments 
gave good results during training but 
led to relatively poor test performance. 
Another study attempted to determine 
whether it was more advantageous to 
demonstrate and practice each unit of a 
serial assembly task twice before pro- 
ceeding to the next unit or to demon- 
strate and practice each unit once and 
then repeat the entire sequence. In a 
task with three parts, the first method 
was better both in practice and in the 
final test, but in a task with four parts, 
the first method was superior in practice 
but not in the final test. Other studies 
have indicated that massed review at 
the end of the film may be better than 
spaced review interspersed throughout. 

Lumsdaine’s conclusion was that the 
sequencing of instructional materials 
with practice and review must depend 
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on the inherent organizational features 
of the particular task. Similarly, Naylor 
as (1963) concluded that al- 
‘ g whole training methods should 
be superior to part methods for highly 
integrated tasks at all levels of com- 
rer an increase in complexity for 
* ively unorganized tasks will result 
: Part-task schedules becoming superior 
© whole methods. 


Participation Effects 

me m9 years during and since World 
ae —_ have been many studies 
Dawe Saat the value of various stu- 
vie icipation techniques during the 
this me of educational films. Much of 
the ee has been carried out for 
_ _— Services wherein training 

h € used extensively. 

er oes important study of audience 
(sag vs was by Hovland et al. 
itary ha tc al films to teach the mil- 
Tikes nee ee alphabet (Able for A, 
orps a B) to men in the Signal 
Pared. ° ies forms of the film were pre- 
: > One with passive review sequences 


in whi 
id 
With ch the letters were presented along 


thei i 
With ir equivalent names and another 


only Rica review in which the letters 
Was instru, presented and the audience 
In a dew to try to call out the names. 
e ia. test given at the end of 
forty.e5 ee the passive group recalled 
tive _ t Percent of the names and the 
Nificane an sixty-eight percent, a sig- 
mang, ifference. Further, the pet 
be im © of the active group could 
ing PTOVed to near-perfect by increas- 
ie of repetition (May and 
rence re 1958). However, the ct 
pups Sy etween the active and passive 
arian, reduced considerably simply 
cing prior to training that 4 
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test would be given at the end of the 
film. 

This original phonetic alphabet ex- 
periment posed some questions that have 
been put to many experimental tests 
since (Lumsdaine, 1961; May and 
Lumsdaine, 1958). Are the effects of 
active participation due entirely to prac- 
tice or in part to a general increase in 
motivation brought about by the partici- 
pation activity? If the effects are due to 
practice, is covert or implicit participa- 
tion as effective as overt? Although the 
investigations that have attempted to 
separate out the roles of practice and 
motivation have had somewhat am- 
biguous results, they permit the general 
conclusion that active participation al- 
most always increases learning, but that 
its beneficial effects usually are limited 
to those items specifically practiced. 

Our own opinion is that the motiva- 
tion of students in a learning situation 
can be understood only in terms of 
activity of some sort. Stu- 
highly motivated, who are 
alert and paying attention, are in fact 
responding perceptually in a more highly 
organized and consistent fashion than 
students who are disinterested or not 
ntion. On the other hand, if 
is complicated by 

may decrease; in 
that the emotional 
with maximal 


participative 
dents who are 


paying atte! 
student motivation 
anxiety; achievement 
this case we assume 
interferes 
participation. 

on need not be overt 
ated in a number of 


jnvolvement 
perceptual-motor 
That participati 


has been demonstr 
which students instructed to 


studies in 
(to think their re- 


respond covertly t 
sponses instead of speaking or writing 
them) have learned as effectively as 
overt responders. In some cases it ap- 


s to be enough to emphasize sig- 


pear 
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nificant parts of the instructional ma- 
terial, that is, to prompt the students 
watching the film to make appropriate 
implicit responses. 

A few instances in which overt par- 
ticipation procedures actually were 
detrimental to learning have been re- 
ported. In one study of learning the 
names of mechanical parts, overt par- 
ticipation was beneficial when the film 
was shown at a slow rate but detrimental 
at a fast rate (Lumsdaine, 1961). This 
result leads us to believe that certain 
other learning tasks, such as knot-tying, 
which have not been aided by overt 
participation, might have benefited if 
more time had been allowed in the film- 
training procedure. Kale et al. (1955) 
found that requiring pronunciation of 
Russian words during audiovisual train- 
ing interfered with learning as measured 
by written vocabulary tests. This result 
indicates again the specificity of learn- 
ing. For maximal participation benefits, 
the activity required of learners during 
instruction should be identical to the 
activity desired as criterion perform- 
ance. 

To summarize the participation issue, 
we can say that audiovisual materials 
like any training medium should provide 
opportunity for the learner to make the 
desired responses to relevant cues. Some- 
times this is a matter of optimal timing. 
For example, it has been found that 
although slow-motion improves the ef- 
fectiveness of complex demonstrations 
and slow rates of presentation are best 
for promoting understanding of many 
visual components, verbal information 
should be given at medium speeds (Ash 
and Jaspen, 1953; Jaspen, 1950a). 
Sometimes repetition helps. There is 
some evidence indicating that showing 
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an instructional film twice may be as 
effective as using interspersed practice 
periods or questions with knowledge 
feedback at intervals throughout the 
film (Allen, 1957). Two complete show- 
ings take more time, however, than 
one showing with practice and participa- 
tion sequences and the extra showing 
undoubtedly would lose its effectiveness 
if the audience became inattentive (that 
is, failed to participate implicitly). 

In the long run, the important thing 
is to promote practice in the desired re- 
sponses by one means or another. The 
value of overt participation is in making 
sure that the proper responses are given, 
but films and other materials should be 
designed to maximize the effects of covert 
or implicit responses as well. The prob- 
lem is to determine what design features 
are most effective. Will any factors that 
attract attention and hold the student’s 
interest also enhance learning? Studies 
bearing on these problems will be re- 
viewed in the next section. 


Analyzing Graphic Design 

The early proponents of audiovisual 
instruction were inclined to overempha- 
size the importance of “fancy” materials 
as opposed to simple. Thus it was as- 
sumed by many that color, movement, 
realism, and so forth in visual materials 
would increase their teaching effective- 
ness when compared with black-and- 
white, nonmoving, unrealistic portrayals. 
As a matter of fact, children usually 
prefer materials that are colored, con- 
tain action, and tell an organized story, 
but they do not necessarily learn more 
from them. Special features apparently 
aid learning only if they aid important 
discriminations, promote understanding, 
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(Allen, 1955. It is good to simplify 
the verbal commentary in the film itself 
according to standard measures of read- 
ability, and to use verbal titles, ques- 
tions, review sequences, instructions on 
what parts to watch carefully, and so on 
throughout the film. Well integrated 
verbal-nonverbal materials usually teach 
more effectively than either type alone. 
Also, we believe that integrated ma- 
terials promote better transfer to related 
situations, although there is little re- 
search evidence on this point. 

A number of studies have investigated 
effective cues and prompts 


the nature of 
d_ demonstrational 


instructional an 


in 
films. The use of simple animation 
techniques such as pop-in labels or 


‘ows to emphasize important 
d effective. In certain 
instructing in 


moving arr 
points has prove 
military training films 
equipment use. depicting negative exam- 
ples and common errors was more help- 
ful than explanations (Jaspen, 1950a, 
1950b), and animated slide sequences 
were more effective than static ones 
(Silverman, 1958). In thei are of cues 
and prompts: however, it is important to 
remember that the items oF sequences 
which are especially emphasized may be 
ed better at the expense of other 
so emphasized. Thus any 
tion-focusing oT participa- 
hould be tested empiri- 
1 it interferes with 
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effectively. Most graphs used in text- 
books do not convey meaningful in- 
formation to the ordinary student unless 
verbal explanations accompany them 
(Wendt and Butts, 1962). Graphs and 
other displays are understood better if 
they are labeled with titles, arrows, and 
the like. The effectiveness of a graph 
depends also upon how well it fits the 
data, for particular kinds of data are 
best represented by particular types of 
graphs. It is well established that graphs 
should be as simple as possible, for 
understanding decreases as the com- 
plexity of the display increases. The 
design of graphs should be adjusted to 
age. Children below ten or twelve years 
of age rarely understand graphical inter- 
actions, and above this age range, the 
effectiveness of graphs depends on both 
age and training. 


RESEARCH ON EDUCATIONAL 
TELEVISION 


All forms of audiovisual instruction 
and all of the problems connected with 
their use have been brought to a focus 
in educational television, for it can in- 
corporate almost every medium of verbal 
and nonverbal communication. It should 
be recognized that the research evalua- 
tion of ETV involves more than a de- 
tached scientific probing into problems of 
human learning, for this area is the ur- 
gent concern of industries, endowed foun- 
dations, government agencies, teacher 
organizations, school systems and uni- 
versities, as well as of scientific psy- 
chologists. A subject which touches so 
many lives, jobs, and vested interests is 
bound to be controversial, and one of 
our tasks will be to try to distinguish 
between research facts and evaluative 
opinions. 
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ETV in College Teaching 

In 1954, the Fund for the Advance- 
ment of Education made a large grant 
to Pennsylvania State College to or- 
ganize an extensive closed-circuit ETV 
program and to evaluate it experimen- 
tally (Carpenter et al., 1955, 1958; 
Greenhill, 1958; Teaching by Television, 
1961). The program grew steadily, and 
by 1958, 3700 of Penn State’s 14,000 
students were taking one or more of the 
thirteen television courses offered. The 
first experimental evaluations were 
carried out during the spring semester 
of 1955 and the fall semester of 1956- 
1957. The same teachers were used to 
teach television classes and regular 
classes, and care was taken to keep 
teaching conditions as similar as pos- 
sible for the randomly selected tele- 
vision and control groups. When the 
students were tested at the end of the 
courses, no significant differences were 
found in achievement. However, the 
teachers and students using television 
did not like it very well; although most 
teachers were willing to give it a try 
and most students preferred it over live 
instruction in very large classes. 

While these results are not particu- 
larly surprising, they were a bitter blow 
to enthusiasts who thought that tele- 
vision instruction in and of itself would 
revolutionize education. As similar re- 
sults accumulated from other colleges 
making experimental comparisons (by 
mid-1961, out of 100 comparisons in 
college courses, three favored television 
teaching, thirteen favored conventional 
teaching, and eighty-four showed no sig- 
nificant differences [Schramm, 1962]), 


it became apparent that more work and 
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study were needed to understand tele- 
vision’s potential value and to develop 
teaching programs that would maximize 
that potential (Grosslight, 1958: Zor- 
baugh, 1958). That is, we need to de- 
termine where the medium is most ap- 
propriate and how it can be made most 

effective. 
Television teaching has perhaps its 
greatest success in extending the audi- 
ee . experienced and skillful instruc- 
: ar beyond the limits of ordinary 
es sip These audiences range from 
erin y small groups taught by closed- 
ia transmission within a college 
ine a ste classes on several campuses 
a y an interinstitutional network, 
e thousands of students, teachers. 
tee men, housewives and others 
in rips taken credit courses in science 
Cr 9 ontinental Classroom broadcast 
ira nationwide commercial network. 
nina science courses combining 
Aiuclie with demonstrations are par- 
si a appropriate to television teach- 
aie ; hough it has been found advis- 
with we ak the televised classes 
whens egular discussion-quiz sections 
ig For obvious reasons, no 
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etween television classes taught 
ay ee teachers and other classes 
ingeruce Hce:to-face by more pedestrian 
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it in no other way. It is not surprising 
that home-based students generally are 
more favorable to and learn relatively 
more from television teaching than do 
students who receive television instruc- 
tion on college campuses. 


ETV for Laboratory 
Demonstrations 
Using television to demonstrate labo- 


ratory procedures and medical and 


surgical techniques usually is judged to 
be effective. However, the two evalua- 
tive studies of ETV in engineering and 
laboratory courses described below 
yielded results no more favorable to 
television than the Penn State studies. 
Bobren and Siegel (1960) tested the 
value of ETV in a university engineer- 
ing course in which small groups of 
about twelve students met for weekly 
sses combining a lecture- 


two-hour cla 
and 


demonstration, a short discussion, 
a quiz. Five sections were taught by 
means of closed-circuit television and 
five by conventional methods. The tele- 
vision sections viewed the lecture and 
experiment together in a large classroom 
and then divided into their small sec- 
tions for discussions, quizzes, and ex- 
aminations. Examination grades showed 
no differences in achievement between 
the two groups. The television students 


tended to judge the course less favorably 


than the conventional on an attitude 


rating scale. According to their answers 


to a list of specific questions, the televi- 
nderstood the course less 


judged 


sion group U 
clearly than the control group, 
the relation between theory and experi- 
ments to be less clear, and rated their 
course poorer in relation to other engi- 
neering courses. The authors felt that 


findings revealed — significantly 


their 
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negative attitudes toward ETV among 
engineering students. 

Seibert and Honig (1960) compared 
the relative effectiveness of television 
and conventional instruction for teach- 
ing chemical laboratory procedures to 
students who had had no previous train- 
ing in chemistry. Instructional presenta- 
tions were based on the contents of two 
sound films, one on techniques of mass 
determination and various types of bal- 
ances, and the other on apparatus and 

rocedures for volumetric measure- 
ments. The five groups of twelve subjects 
each were comparable in ability on the 
basis of a vocabulary pretest. Two 
groups were instructed by television, 
two groups by conventional methods, 
while the fifth or control group received 
no instruction. All groups were divided 
in half randomly for testing. Half were 
tested within two hours of the instruc- 
tion and half five weeks later. 

Two criterion measures were used to 
judge learning achievement—an eight- 
een-item knowledge test based on the 
film material, and a laboratory per- 
formance test in which the subjects were 
asked to carry out a simple titration 
while evaluators watched and scored 
their performance. In this performance 
test, all four instructed groups did better 
than the uninstructed group, but there 
were no significant differences between 
the the conventional 
groups or between immediate and de- 
layed testing. The knowledge test was 
found to be worthless as a criterion 
measure, for it did not discriminate be- 
tween instructed and noninstructed sub- 
jects. This finding indicates that the 
simple criterion tests used in experi- 
mental comparisons sometimes have no 


television and 
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more than face validity and suggests one 
reason for the negative findings some- 
times reported. 


ETV for Teacher Training 


In the fall of 1956, closed-circuit 
facilities were installed in two New York 
state teachers’ colleges to aid in teacher 
training. Several television cameras were 
placed in the classrooms of the campus 
schools and left unattended. These pro- 
vided a choice of monitor pictures which 
showed behavior patterns of the chil- 
dren, the procedures of the supervising 
teacher, and the performances of the 
student teachers themselves when they 
practice-taught. Kinescopic records of 
the televised pictures made it possible 
for practice teachers to see their own 
performance. 

An evaluation of this program after 
one year was generally favorable (Alm- 
stead, 1957). The principal advantage 
claimed for the television medium was 
that it helped to relieve tensions and 
distractions to which children are sub- 
jected when being observed by adults 
in the classroom. The classroom situa- 
tion was much more normal and could 
be viewed by many students simulta- 
neously. Students sitting in front of 
receivers saw close-ups of teachers, ma- 
terials, individuals, and small groups of 
children. Finally, students at the prac- 
tice-teaching level saw themselves in 
action and understood more clearly 
some of their own weaknesses and prob- 
lems. 

The classroom recordings have po- 
tential uses in addition to their immedi- 
ate use in the teacher colleges. Selections 
from them are combined and edited to 
be used as demonstration lessons and 
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resource material for college teachers 
and students in several areas. One of the 
Most important uses is to provide addi- 
Honal training to teachers already in 
service, especially potential supervisors. 
: In-service courses for teachers prom- 
ise tO be a particularly valuable applica- 
tion of ETV (Teaching by Television, 
1961). The state department of educa- 
Hon in Texas has offered broadcast tele- 
vision courses for prospective teachers 
as well as teachers and administrators al- 
ready holding jobs. In New York City, 
the Board of Education instituted a 
Series of televised lecture-demonstrations 
combined with workshops conducted at 
various centers throughout the city. In 
addition, the courses in physics, chem- 
ays and mathematics presented by 
aaa Classroom have enabled 
we of high school teachers all 
‘ the country to bring themselves 
P to date in their field. 


ETV in Military Training 
iaiiteational television has a longer 
Colle g in the Armed Forces than slr 
lone ca and universities. Since 1951. 
Used “ie installations have been 
instruct a number of different ay 
Chool on centers, including Signa 
chool, medical centers, Transportation 
tom tl and Air Defense School. Almost 
and he start, the television techniques 
‘ieee oe have been subjected to 
° ‘ieee research evaluations 10 order 
dg Rare the effectiveness of television 
e ome instruction, to explore 
_ SPecial advantages of television. to 
tea television instruction, and to 
elative costs. 
Pret ways these military research 
S have been more productive 
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than research evaluations carried on in 
the colleges, partly because of certain 
advantages inherent in the military situa- 
tion. For example, military instruction 
centers have available a controlled sup- 
ply of subjects for whom standardized 
measures of aptitude and intelligence 
have been obtained. Also, the pressing 
training problems of the Armed Forces 
and their interest in reducing costs, 
training time, and training personnel 
have stimulated sustained efforts to de- 
velop efficient methods of teaching. Al- 
though the military situation is not en- 
tirely comparable to the colleges, there 
are some important similarities, includ- 
ing the fact that military trainees are 
from approximately the same age group 
as college undergraduates. Consequently, 
military research on ETV has implica- 
tions for ETV in colleges and universi- 
ties. 

The earliest reports of military ETV 
were enthusiastic (Cline et al., 1956; 
Fritz. 1952; Kanner ef al., 1954; New- 
som, 1954). They indicated that televi- 
sion instruction was at least as effective 
as conventional instruction and in some 
cases superior, especially for poor stu- 
dents. Later reports have tempered this 
initial enthusiasm somewhat, but are 
more valuable in providing analytic data 
bearing on questions of how best to use 
television techniques. The following sum- 
mary is based principally on a series of 
Kanner and his associates 
vision research in the 


papers by 
describing tele 
army (Desiderato et al., 1956; Kanner, 


1057, 1958; Kanner et al., 1954, 1955, 
1958a, 1958b, 1958c3 ai 
Marshall, 1963: Runyon et al., 1955; 
Runyon and Kanner, 1956). The draw- 
ing in Figure 6.1 illustrates how a large 
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Figure 6.1. 


on Runyon et al. Factors leading to effective television instruction. Aud.-vis. 
Commun. Rev., 1955, 3, 264-273.) 


theater or lecture room was divided 
into nine television classrooms, each 
equipped with a monitor to provide all 
students with a satisfactory view of 
the television screen. 

The army’s general finding concern- 
ing lectures and lecture- 
demonstrations was that they are likely 
to be less effective than conventional in- 
struction, but with careful preparation 
and utilizing its special advantages, 
television can be made more effective 
than conventional lectures. 


television 


If an in- 
structor is plucked from his classroom, 
put before a television camera, and 
asked to present his material as usual, 
his teaching effectiveness will be less 
than usual. Even an experienced and 
good teacher may find that his timing 
is off and that he misses the ordinary 
interchange with his students. And a 


Educational television classrooms used in military training. (Based 


relatively poor presentation is even 
worse on television. As Kanner (1957) 
put it, “the television camera can func- 
tion as a bore amplifier . . . when used 
merely as a transmission medium it can 
exaggerate. not improve, ineffective 
teaching.” 

A study was designed to explore 
methods of improving television instruc- 
tion in order to obtain standardized 
lessons which would equal or exceed 
the effectiveness of conventional instruc- 
tion. Television scripts were prepared 
carefully and presented with the aid of 
a prompting device. After each presenta- 
tion, the students were given objective 
tests and their performance was ana- 
lyzed item by item. On the basis of these 
analyses, the presentation was improved 
by rewriting the script, adding visual 
aids, changing the demonstration pro- 
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cedures, and so forth. In the interests 
- reducing teaching time, all extraneous 
material was omitted. The results of this 
study showed that it was possible to 
reduce the duration of a lesson as much 
as fifty percent while still enhancing 
its effectiveness over conventional in- 
Struction. In most cases, the effectiveness 
e a presentation could be maintained 
with a thirty percent reduction in time. 
It undoubtedly would have been possible 
© Improve live teaching fully as much 
te SSlévision teaching if the same ana- 
ytic procedures had been used. The ad- 
vantage of working with televised lessons 
was that they could be controlled better. 
Standardized, and then recorded for later 
use if desired. 

Other studies determined the particu- 
ia: situations where television 

Perior to conventional instruction. 
“ tae close-ups, television is superior 
equi aining in the use of small pieces of 

“pment and in understanding the re- 
Vitae, small moving parts. Tele- 
dilire, 1s superior for situations that re- 
saat rote learning and may be 
close. rin recognition training. Besides 

ear Ps; the techniques that are valua- 
ages, eal agg . awern im- 
is Deeeih| animation. With television 
Wron ee to present both right an 
° & procedures and to relate names 
ae These special advantages of 
Nical ton should be applicable to tech- 

and laboratory courses. 

6 recent study (Kanner and Marshall. 
View. seoee the use of notions © 
tiveness . previews to enhance the e eae 
Mental ws aumy basic training. ae 
of 7 a Loe groups were a a 
Were a essons by television and then 
in y oe to after-hours presentations 

r barracks. Review programs 


stressing key points and brief orientation 
previews of subsequent lessons were pre- 
sented, These groups learned signifi- 
cantly more than conventionally taught 
groups in eleven out of twenty-five com- 
parisons: the conventional groups were 
better in six. A more interesting finding 
was that low aptitude trainees taught by 
the television procedures learned ap- 
proximately as much as high aptitude 
trainees taught conventionally. Only one 
comparison out of fourteen favored the 
high aptitude conventional group sig- 
nificantly. 

Army studies have shown that it is 
possible to train an inexperienced in- 
structor in a few hours to present com- 
plicated material via television just as 
effectively as experienced instructors. Of 
course the presentation itself must be 
prepared by an expert and then should 
be analyzed and improved. However, 
once effective standardized lessons have 
been prepared, they can be presented by 
very rapidly trained instructors. 

One difficulty inherent in television 
teaching is the lack of opportunity for 

uestions and answers. In army re- 
search, the questions asked in conven- 
tional classes were analyzed, and it was 
found that most of them did not con- 
tribute to learning or achievement of 
the class. When questions indicated 
weaknesses in the presentation, changes 
were made to improve it. Finally, certain 
nd answers that seemed to 
tation were adopted 
The instructor 


questions a 
strengthen a presen 
into television scripts. 
would ask the question rhetorically, 
pause for a moment and then give the 
answer. While this technique helps solve 
the question-answer difficulty at some 


levels, the army researchers felt that 


television teaching is inappropriate for 
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certain advanced courses and seminars. 
Another drawback in television teaching 
is the passive role of the student in front 
of the monitor. Various types of par- 
ticipative activities can be required of 
the class to alleviate this difficulty. 

The Armed Forces must judge the use- 
fulness of an educational technique ac- 
cording to whether it can save money, 
time, or instructional personnel while 
maintaining or improving the effective- 
ness of instruction. Although the series 
of papers we have been summarizing in- 
dicated that television achieved these ob- 
jectives, some military instruction cen- 
ters have concluded that ETV is too 
costly to be feasible (Carroll, 1957). 


ETV in Public Schools 


Full-scale programs set up to evaluate 
television teaching in public schools be- 
gan in 1955 and 1956 with financial 
support from the Ford Foundation and 
Fund for the Advancement of Education 
(a Ford Foundation subsidiary). In 
the fall of 1955, the St. Louis public 
schools started teaching several tele- 
vision courses through the facilities of 
community-owned Station KETC-TV. 
Their primary purpose was to determine 
the feasibility of teaching large classes 
by means of television without supple- 
mentary teaching in the classroom 
(Teaching by Television, 1961). 

The first experimental lessons in ninth- 
grade science and English composition 
and in second-grade spelling were taught 
to large groups of children who met 
either in music rooms or lunchrooms. 
Teachers were present during the lessons 
but did no teaching. The results indi- 
cated that the ninth-grade pupils did as 
well as conventionally taught pupils of 
equal ability. The younger pupils taking 
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spelling by means of television achieved 
somewhat less than their counterparts in 
conventional classrooms. In spite of the 
special effort put into the television pres- 
entations, most of the students found 
them less interesting than classroom les- 
sons and missed the personal inter- 
change with the teachers (Rose, 1957). 
It was concluded from the St. Louis ex- 
perience that television teaching cannot 
replace classrooms, but should be used 
in a supplementary role. 

The largest single experiment in the 
use of ETV in public schools was started 
in 1956 in Hagerstown, Maryland, with 
a 100,000 dollar grant from the Fund 
for the Advancement of Education 
(Hale, 1957; Teaching by Television, 
1961). An extensive closed-circuit sys- 
tem was set up to transmit as many as 
six programs at a time to the schools of 
Washington County. It was hoped that 
the cables eventually would be extended 
to the entire county school system, a total 
of fifty schools. Starting in 1956, with 
ten courses transmitted to 4941 students 
in eight schools, the television center in 
Hagerstown, by 1960, was sending a 
wide selection of courses to 16,500 stu- 
dents from the first to the twelfth grades 
in thirty-six schools. 

The Hagerstown project hoped to pro- 
vide a richer education in its schools at 
a lower cost than would have been possi- 
ble by conventional methods. Studio 
teachers worked with classroom teachers 
to plan the courses, and team teaching 
techniques were used from the start. 
After the first few years, school officials 
believed that teaching in Hagerstown 
had been improved in several ways and 
that student achievement was higher 
than before. Studio teachers specializ- 
ing in art and music provided programs 
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ally stimulates individuals to greater ef- 
forts. 

Feeling that the Washington County 
project was a success, the Fund for the 
Advancement of Education provided 
funds to launch a nationwide experiment 
in public school television (Teaching by 
Television, 1961). Known generally as 
the National Program in the Use of 
Television in the Public Schools, it in- 
cluded, by 1960, nearly 800 schools in 
fifteen municipal areas and eight re- 
gions, serving nearly 200,000 students 
in all. The schools are scattered over 
every major section of the country and 
range from small rural high schools to 
large city schools in Detroit and Phila- 
delphia. 

During the first two years of the 
National Program, the participating 
schools made many comparisons _be- 
tween achievement of television students 
and conventionally taught students. The 
data in Figure 6.2, which were taken 
from a 1961 report of the Ford Founda- 
tion and the Fund for the Advancement 
of Education, summarize those compari- 
sons in which the television and control 
students had been equated on the basis 
of scholastic aptitude and pretest scores, 
or in which differences had been taken 
into account statistically so that legiti- 
mate comparisons could be made. Total 
number of comparisons favoring tele- 
vision and control classes and the num- 
ber of statistically significant differences 
favoring each are given. In the second 
year of the experiment, the number of 
comparisons favoring television students 
was more than twice the number of com- 
parisons favoring control groups, while 
the number of significant differences {a- 


voring television was more than three 


times the number favoring conventional 
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teaching. It should be noted that tele- 
vision teaching did relatively better in 
these comparisons during the second 
year than during the first. 

A report by Schramm (1962) gave 
all available research comparisons be- 
tween television and conventional teach- 
ing, both published and unpublished, 
that had been made to the middle of 
1961. These data are summarized in 
Figure 6.3, which shows the percent of 
comparisons that favored 
teaching, that favored conventional 
teaching, and that found no significant 
difference between the two at different 
grade levels and for different types of 
subject matter. The most obvious thing 
about this graph is the large number of 
no significant difference results, running 
almost two-thirds of the total. Of the 
total number of 303 comparisons, 
twenty-one percent favored television 
teaching and fourteen percent, conven- 
tional teaching. More interesting than 
these figures is the changing pattern at 
different grade levels. From the third 
through the ninth grades, about one- 
third of the comparisons favored tele- 
vision teaching while only one-tenth fa- 
vored conventional teaching. In contrast, 
fewer than one-tenth of the senior-high- 
through-college comparisons favored tel- 
evision while more than twice as many 
were unfavorable. The difference be- 
tween the results for the younger and 
older groups was highly significant, 
showing that television has been a more 


effective medium for younger students 
than for older. 


television 


When the comparisons were broken 
down according to subject matter, it was 
found that the humanities benefited sig- 
nificantly less from television teaching 
than did either science or social studies. 
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Summary of research comparisons up to mid-1961 showing the rela- 


tive effectiveness of television and conventional teaching at different grade levels 


and for different subjects. The relative ineffectiveness of television in teaching 
humanities is probably due to the fact that most of the comparisons in this area 
were reported from the high school and college levels, which were unfavorable to 


television over all. (Data from Schramm, 


However, this difference probably is re- 
lated to the fact that no courses classi- 
fied as Humanities appeared in the 
Grades three through six comparisons 
and only nine such courses in Grades 
Seven through nine. In other words, this 
subject matter difference undoubtedly 
reflects the grade-level pattern. 


1962.) 


The relative superiority of television 
classes in the lower grades probably was 
due to more than the particular charac- 
teristics of ETV. The planning that went 
into new television programs in the 
public schools resulted in a_ certain 
amount of reorganization of course ma- 
terial and curriculum changes that might 
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have benefited the pupils under any cir- 
cumstances. However, a number of ad- 
vantages are inherent in the television 
medium. Carefully planned presenta- 
tions of studio teachers bring to the 
attention of classroom teachers new 
ideas and improved procedures for pre- 
senting course material. Team teaching 
techniques permit a better use of time 
and make it possible to provide more 
individualized instruction. Television 
brings into the classrooms special edu- 
cational displays and experiences that 
are not ordinarily available to school 
children. For example, art classes in the 
Austin-San Antonio area have been able 
to watch highly competent university 
artists throw pots on a potter’s wheel, 
mold sculpture, paint portraits, and il- 
lustrate different drawing techniques 
(Schmid, 1963). Students in small rural 
schools are able to take courses not pre- 
viously available and share in the ex- 
cellent teaching of experts. Further, 
those schools using broadcast television 
reach audiences in schools and homes 
beyond their own classrooms. In the re- 
port of the National Program, it was 
said that ETV students made more ex- 
tensive use of school libraries than other 
students and were not tardy or absent 
as often. However, these last benefits 
might accrue with any marked changes 
or improvements in teaching procedures. 

The following problems were noted by 
the National Program: inadequate fa- 
cilities for large television classes, dif- 
ficulties in handling large classes, sched- 
uling difficulties, problems of organizing 
and integrating the courses to take max- 
imum advantage of television, and prob- 
lems of adapting teaching to varying 
needs of individual students. Above all is 
the constant problem of maintaining 
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high quality of studio instruction, for 
mediocre teaching on a television moni- 
tor is less tolerable than in the ordinary 
classroom. 

It is to be hoped that further research 
on the television medium in the schools 
will be designed to investigate more ad- 
vantageous ways of using ETV. A repre- 
sentative effort of this sort was carried 
out by Gropper and Lumsdaine, as de- 
scribed by Lumsdaine (1963). Two tele- 
vision lessons on heat and chemistry 
were prepared for the junior high school 
level and previewed before a few sample 
classes. The responses of these students 
on quizzes then were analyzed to dis- 
cover which points were unclear and 
might benefit from revision. After re- 
vised versions were prepared, the origi- 
nal and revised lessons were presented 
to matched groups. Those groups receiv- 
ing the revised lessons scored signifi- 
cantly higher on learning tests. 


The Cost Factor 


The constant nagging doubt that per- 
vades all efforts at evaluating ETV is 
whether the game is worth the candle. 
In the past decade, millions of dollars 
have been poured into educational tele- 
vision. In 1961 it was estimated that 
more than forty million dollars already 
had been spent on capital outlay and an- 
other twenty million dollars was being 
spent annually for operating expenses 
(Nelson, 1962). This money comes from 
tax sources, private endowments, in- 
dustrial sources, and, above all, from 
the large foundations, principally the 
Ford Foundation and its subsidiary 
Funds. Yet after all this investment of 
money, time, and some of the best minds 
of the educational profession and the 
television industry, the real finding of 
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ETV research is that the ordinary 
teacher operating in an ordinary class- 
room with no special aid or support 
often does as well as the best that tele- 
vision can offer. 

The question that must be answered 
by the nation’s public schools is whether 
television is an economical method of 
teaching the ever-increasing numbers of 
pupils. No final answer can be given to 
this question, for the pilot projects were 
highly subsidized, exploratory in nature, 
and of necessity superimposed television 
teaching on school systems designed for 
Conventional teaching. One fact must be 
faced relative to broadcast television. 
One video channel can transmit only one 
lesson at a time, no matter how many 
classrooms and pupils are within re- 
ceiving distance. On the other hand, the 
Coaxial cable of a closed-circuit system 
can transmit a number of simultaneous 
programs, but the installation costs may 
be prohibitive. The Washington County 
Project received the use of hundreds of 
thousands of dollars worth of equipment 
and cable from the television industry 
and the local telephone company in ad- 
dition to large foundation grants by 
Means of which they staffed their system 
and carried out evaluative research. 
Even with these original subsidies, it has 
not been certain whether operating costs 
Would exceed the savings effected by the 
television method. 

Representatives of the television in- 
dustry have maintained that educational 
television is economically feasible for 
Public school systems. For example, 
-hamberlain (1959) made an investiga- 
tion of ETV feasibility for a region 
around Syracuse, New York, and rec- 
fumended multichannel broadcast TV 
om a central point to cover a number 


of school districts. He suggested at least 
four stations served by four UHF trans- 
mitters housed in one building and uti- 
lizing the same tower for their antennas. 
These stations could broadcast four pro- 
grams simultaneously to approximately 
ninety-two school districts located within 
thirty to forty miles of the central stu- 
dios. With this system, television instruc- 
tion would be available about one-third 
of the school day to every grade level 
from kindergarten through high school. 

Since that time, the Federal Com- 
munications Commission has authorized 
private instructional television that 
would use low-power, low-cost, short- 
range equipment for transmission within 
a single school district (ETV channels 
going begging, 1962). In time it may be 
feasible to provide up to five channels 
for virtually every school district in the 
country. 

Analyzing the costs of ETV at the 
college level is somewhat more difficult 
than for public schools, inasmuch as 
most university television stations offer 
a variety of public service features and 
serve training needs for students inter- 
ested in television production in addi- 
tion to teaching specific courses for 
credit. The Penn State project claimed 
some savings in TV teaching for large 
classes; their break-even point was 
reached when 200 students enrolled in 
a course. However, proposals to estab- 
lish a Junior College of the Air to tele- 
vise required freshman and sophomore 
courses have been rejected by some edu- 
cators who feel that the value of ETV at 
the college level is not well enough estab- 
lished for such an ambitious program. 
Although a complete Junior College tele- 
vision curriculum was established in 
Chicago, the usual feeling is that volun- 
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tary participation in a few courses of 
proven effectiveness, either at home or 
on the campus, is safer than completely 
televised degree-granting institutions. 

In the final analysis, the value of ETV 
may be too intangible for a dollars-and- 
cents appraisal. Research findings make 
it clear that it cannot be judged in terms 
of its use as a general pedagogical tool, 
but that its ultimate worth in education 
and training will depend on what it can 
do that cannot be done as well by any 
other technique. The ability to transmit 
an audiovisual display to a large au- 
dience spread out over a large area is 
an important advantage, but it is more 
important for some types of material 
than for others. The immediacy of tele- 
vision compared with motion pictures is 
advantageous but not always critically 
so. For scientific and technical demon- 
strations, for sharing in expert teaching 
and timely events, and for watching ac- 
tivities that would be disrupted by direct 
observation, television is superb. Finally, 
the possibilities for television storage 
and retrieval may in time establish video 
libraries of far greater educational sig- 
nificance than the film libraries now in 
existence. 


MOTIVATIONAL EFFECTS 
OF TELEVISION 


The impact of television is not con- 
fined to the classroom but starts in the 
home and often is extended to the place 
of work. The ordinary child entering 
school already has had several years of 
“instruction” in front of the television 
screen, and the influence of commercial 
television likely will continue throughout 
his formative years and into adulthood. 
The possible motivational effects of tele- 
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vision have aroused much interest and 
speculation. We would like to know 
whether television contributes to over-all 
positive motivation, to disturbances of 
motivation and behavior, to emotional 
reactions, and to general emotional atti- 
tudes in viewers of all ages and different 
walks of life. What is the action-poten- 
tial of commercial and educational pro- 
grams? To what extent does television 
lead to overt changes in behavior or to 
specific action? 

These questons are difficult to ap- 
proach experimentally and have scarcely 
been touched in objective studies. Gen- 
eral evidence indicates that television 
displays do not influence human reac- 
tions as decisively as the large motion 
picture screen with its wonderful depth 
quality. People who scream or cry in a 
motion picture theater rarely react in 
the same way while watching movies on 
television. One of the authors has ob- 
served that educational motion pictures 
of animal brain operations which pro- 
duce marked reactions in a student au- 
dience have little or no emotional effect 
when shown by means of television. 

There is good reason to believe that 
the exaggerated violence and human 
distortions so often seen on commercial 
television have been developed inten- 
tionally or unintentionally to counteract 
the generally neutral motivational im- 
pact of the twenty-one-inch box. Tele- 
vision needs large overdoses of energy 
and action in order to make it look 
alive. The empathy with this box and its 
sundry assortment of exaggerated char- 
acters is relatively low for all people 
except young children and those adults 
whose activity outlets are not easily ful- 
filled. This situation is a problem for 
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both commercial and educational tele- 
vision and may account for the rela- 
tively low acceptance value of ETV in 
the classroom. 

; One new motivational aspect of tele- 
vision is that it serves as a nearly uni- 
versal household eye. The millions of 
television sets are like so many flexible 
telescopes and microscopes that can be 
used by household members to examine 
each new product, each new personality, 
and each new idea transmitted over the 
air. Television has not solved the prob- 
lems of commercial advertising—if any- 
thing, it tends to exaggerate some of 
them—but it has speeded up the whole 
Process. Successful advertising cam- 
Paigns succeed in a hurry, and those that 
fail can be buried promptly. 

Television advertising and even ETV 
put a premium on favorable personal 
images associated with certain products 
and programs. Thus television appears 
to humanize and personalize the physical 
articles of commerce as well as the com- 
Ponents of educational programs that 
are conveyed over the video waves. 


Psychological Effects on Children 

7 The psychological effects of commer- 
Cial television on children in the home 
have been the subject of countless ques- 
ons, discussions, arguments, and_ ha- 
rangues—but few objective investiga- 
Hons. One major study carried out by 
Schramm et al. (1961) was based on 
Questionnaire and interview information 
from 5991 children, 1958 parents, and 
Several hundred other adults in ten 
culturally varying communities, one 
of which had no television. The main 
Conclusions confirm what is assumed 
8enerally, that the television programs 
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watched by children are concerned pre- 
dominately with excitement, violence, 
and crime, and that television plays an 
overpowering role in the lives of young 
children. Eight out of ten children at age 
five were watching television regularly 
and nine out of ten at age six. Children 
in the lower grades were found to spend 
an average of two hours each day before 
the home screen. This average increased 
to three to four hours for sixth to 
seventh graders and thereafter declined 
slowly. Similar results were found by 
Witty (1963) in surveys conducted an- 
nually from 1949 to 1962. The average 
child at sixteen has spent as much time 
before television as in school. 

The effects of television on the educa- 
tion and activity of children were found 
to vary in relation to age, intelligence, 
and sex. The vocabulary of young chil- 
dren is increased somewhat by television 
—an effect that was confirmed for sixth 
graders by Witty—but this effect de- 
clines during adolescence. Television 
may actually depress the performance 
level of bright children on knowledge 
tests, and chronic viewers during the 
adolescent years may do less well in 
school than nonviewers. The “broaden- 
ing” effect of television, if any, is spotty 
and is more concerned with superficial 
facts than with basic knowledge and 
educationally significant subjects. 

The question as to whether television 
portrayals of crime and violence gen- 
erate similar behavior in young viewers 
cannot be answered with assurance. The 

uestion involves more variables in the 
life of a child than television, including 
the nature of the child, his family, and 
his social life. Schramm e¢ al. drew the 
conclusion that television may be a 
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contributory cause of violence and de- 
linquency. They distinguished between 
fantasy and reality experiences and went 
on to show that it is overwhelmingly the 
fantasy needs that are met by television. 
Children having unsatisfactory social re- 
lations with their family or peers tend to 
escape into television, where antisocial 
behavior, aggression, and fantasy are 
reinforced. This effect is more pro- 
nounced in middle-class than in lower- 
class groups. Fears induced by television 
are mainly by violence of a nonritualized 
nature, stepping into traps or any kind 
of body cutting. Standardized gunfights, 
fistfights, and the like are accepted with 
little emotion. 

Television occasionally has a very di- 
rect neurophysiological effect on some 
viewers that is not generally known. A 
slow flicker of about ten to twenty flashes 
per second sometimes has marked ef- 
fects, such as nausea, on normal individ- 
uals and may induce attacks in epilep- 
tics. In fact, some epileptic children in- 
duce seizures repeatedly by flicking their 
fingers in front of their eyes while look- 
ing at a bright light or by fluttering 
their eyelids (Robertson, 1954). It has 
been noted a number of times in the 
medical literature that the slow flicker 
of the television image can induce petit 
mal or grand mal epileptic attacks (Ab- 
bott Laboratories, 1961). 


Content Preferences 
in Television Viewing 

Some research efforts have been made 
to identify broad trends or preference 
patterns in program watching and film 
viewing in terms of a few broad motiva- 
tional categories. Smythe (1954) as- 


EVALUATING AUDIOVISUAL LEARNING 


sumed three types of content of signifi- 
cance in television viewing, identifying 
them as form, substance, and source. 
Entertainment of different types was 
said to be related primarily to form, in- 
formation and orientation programs to 
substance, and certain orientation pro- 
Jones (1942) has 
attempted to classify the motives in 
viewing motion pictures in terms of 
wants—for safety, for income, for defer- 
ence, and for security. 

A survey by Stanley et al. (1955) 
measured the attitudes of 225 residents 
of a small midwestern town toward 
seventy-six possible types of television 
programs. The results showed that the 
most highly preferred programs were 
those related to news reports, weather 
information, news commentary, popular 
music, travel information, religious mu- 
sic, religious services, and institutional 
spot news. Soap operas, pseudo sports, 
science-fiction drama, classical dance, 
farm information, individual local polit- 
ical activities, puppets, and folklore 
were among the low-preference pro- 
grams. Some sex differences in program 
preferences occurred, although the male 
and female subjects were fairly con- 
sistent in their high- and low-preference 
choices. Some differences were found for 
young and old age groups and for 
groups with high-level and low-level ed- 
ucation. It is very likely that preferences 
depend also on geographic, regional, 
and cultural factors. 

In an attempt to determine whether 
reliable groupings of program prefer- 
ences might be identified, Carter (1957) 
did a factor analysis of the data ob- 
tained in the study just described. His 
results indicated wide differences and 


grams to source. 
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discrepancies in possible solutions to the 
factoring problem. He succeeded in 
identifying eight factors, but they were 
not well defined. 


Interaction between Speaker 
and Audience 


In the public speaking field, the con- 
cept of eye-contact refers to the idea that 
a speaker can hold the attention of his 
audience better if he keeps his eyes glued 
on them. It has been claimed that the 
Speaker needs such eye-contact in order 
te portray his convictions and to get 
feedback from the audience which will 
help him adjust his delivery to the needs 
of the moment. These ideas concerning 
Interaction between a speaker and his 
audience have been generalized to apply 
to motion pictures and television. 

Westley and Mobius (1960) tested the 
assumption that the effectiveness of a 
television lecturer will depend on his 
©ye orientation. An experienced televi- 
Ston actor presented three short speeches, 
ach with three degrees of eye-contact 
low, medium, and high. The taped 
Speeches then were presented to three 
8Toups of seventeen students. Each 
8toup heard the three lectures in the 
Same order but with different orders of 
®ye-contact treatments. The results were 
entirely negative. The variations in the 
“Peaker’s orientation toward the camera 
tad no effect on the attention of the 
'Steners as measured by their eye-con- 
tact with the monitor, no effect on their 
interest ratings, no effect on their image 
of the speaker or the subject matter as 
peasured by semantic differential rat- 

88: and no effect on their learning as 
Measured by achievement tests. We are 
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not sure whether these results should be 
disconcerting or reassuring to the novice 
television teacher who feels uneasy be- 
fore the impersonal eye of the camera. 
One thing seems certain. To give an ef- 
fective television lecture, the speaker 
must do more than project himself into 
the classroom. 


Television Motivation in Institutions 


Many general observations testify to 
the motivational value of television view- 
ing facilities in almost any type of in- 
stitution where normal social and oc- 
cupational activity is restricted. Many 
types of institutionalized persons will 
utilize ETV courses if given the oppor- 
tunity, and convicts especially are at- 
tracted to television instruction (Lantos, 
1957). 

In mental hospitals, some inmates re- 
act to television almost in the manner of 
young children, and viewing privileges 
can be used as in incentive to maintain 
discipline. Some hospital authorities feel 
that the quieting effect of television is 
comparable to that of the tranquilizing 
drugs. In addition, television programs 
can have both supportive and stimulat- 
ing effects on patients. A study by 
Martin and Over (1956) reported that 
special therapeutic programs presented 
to patients over closed-circuit lines were 
more advantageous than regular open- 
circuit programs. Their experimental 
group were able to see and hear panel 
discussion, selected motion pictures, mu- 
sic, art, psychodrama, and individual 
therapy with questions and answers. 
Within the period studied, thirty-eight 
of this group manifested improving 
changes, including discharges, transfers 
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to open wards, longer leaves, and yard 
privileges. Only seven of the control 
group, who had open-circuit television 
to watch, showed such changes. 

In view of the obvious benefits de- 
rived from television by institutionalized 
individuals, this area warrants further 
study and exploration by educational 
television programers and _ producers. 
It appears that television could be a po- 
tent influence in directing mental and 
convalescent patients in therapeutic and 
rehabilitative activities, possibly in more 
effective ways than are open to custodial 
personnel. But television’s more general 
institutional function is to help fill the 
activity void. It alleviates the effects of 
sensory deprivation in the hospitals, 
homes, and prisons. and, in the absence 
of work activities, helps keep inmates 
behaviorally organized. Like radio, tele- 
vision provides a source of sensory en- 


richment in a dull, routine environ- 
ment. 


CONTRIBUTIONS TO LEARNING 
SCIENCE 


With the broad objective in mind of 
defining a systematic approach toward 
the study of meaningful human learn- 
ing. what are the most important con- 
tributions of the audiovisual field? Al- 
though the evaluative literature lacks a 
systematic theoretical base and often 
seems to have little relevance to general 
behavior theory, nevertheless the best 
of this research has advanced our scien- 
tific understanding of human learning. 
In addition, there is an increasing in- 
terest in describing audiovisual com- 
munication and learning in terms of 
systematic behavior concepts. 
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Theoretical Interpretations 


Each major audiovisual technique that 
has been adopted for classroom use has 
generated a certain amount of opposition 
and disdain among professional educa- 
tors and academic learning specialists 
who have judged the AV materials to 
be expensive distractions rather than an 
integral part of the instructional situa- 
tion. Even among those who have ac- 
cepted the new techniques willingly, the 
tendency has been to consider them as 
aids to education serving mainly a mo- 
tivational purpose. Further, theoretical 
statements made by learning psycholo- 
gists, such as those we reviewed in Chap- 
ter 5, show a limited appreciation of the 
true significance of audiovisual com- 
munication in structuring the learning 
process. 

Although no strong theoretical posi- 
tion has been advanced to counteract 
these conventional ideas, there have been 
some efforts in recent years to analyze 
the communication process and, in par- 
ticular, to conceptualize pictorial per- 
ception and its role in communication 
and learning. The Audiovisual Commu- 
nication Review during the dozen years 
of its existence has published a number 
of these interpretations which hopefully 
reflect a maturing theoretical orienta- 
tion toward audiovisual learning that 
will in time leave its mark on behavior 
science and general learning theory. 

The general theme running through 
most of the analyses of pictorial per- 
ception and communication is that these 
are specialized forms of behavior that 
contribute to specialized kinds of knowl- 
edge and skill. The genesis of pictorial 
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perception in early behavior was recog- 
nized by Hochberg (1962), who hy- 
pothesized that our ability to perceive 
forms and shapes in pictures probably 
arises as a consequence of normal ex- 
Periences with spatial objects early in 
life. This interpretation corresponds very 
closely with our own idea that symbolic 
responses develop out of direct responses 
to objects and events. The idea that sym- 
bolic responses have more generalized 
Meanings than direct responses was e€X- 
pressed by Arnheim (1962) when he 
Said that a picture does not present the 
object itself but a set of propositions 
about the object. Furthermore these 
Propositions are stated in visual lan- 
Sage; in other words, they produce 
Specialized kinds of nonverbal informa- 
Hon or knowledge. 

Other analyses have emphasized the 
Tole of visual materials in supporting 
and extending verbal meanings. Gropper 
(1963), in his article entitled “Why Is 
@ Picture worth a Thousand Words?”. 
made the point that the usefulness of 
Nonverbal visual materials in helping 
Students to acquire, retain, and transfer 
Tesponses derives from their capacity to 
cue and to reinforce specified responses 
and to serve as examples. Gropper recog- 
nized that students should make explicit 
*esponses to visual materials for effective 
farning. 
ve MMunication theorists generally 

Ognize that symbolic behavior and 
oe have special features that dis- 

8uish them from the simplest forms 

Stimulus-response learning. Fearing 
(1962) made this point very well when 
Pa described three important character- 
1s of communicative symbols. To 
Paraphrase Fearing somewhat, we can 
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say that the effective stimuli in com- 
municative behavior—that is, the sym- 
bols—are produced by human agents, 
they acquire their meanings through hu- 
man use. and they are used in attempts 
to control human situations. 

Audiovisual theory is weak in that it 
has not yet generated a systematic set of 
ideas about learning going beyond gen- 
eral psychological theories. In fact, there 
is a tendency to use principles drawn 
from the conventional learning theories 
to explain audiovisual situations. For 
example. Toch and MacLean (1962) 
offered the transactional position about 
perceptual behavior as appropriate to 
audiovisual problems. This position as- 
sumes that perception is a form of learn- 
ing. and that what we learn depends on 
the effects of responses. Perception that 
is followed by successful conduct is re- 
inforced and thus learned. 

In our opinion, the most important 
ideas suggested here are that nonverbal 
symbolic behaviors are specialized forms 
of human adaptive responses that de- 
velop out of more direct responses to 
the spatial environment. Verbal behavior 
comprises another specialized system of 
responses. but learned knowledge in- 
corporates both verbal and nonverbal 
meanings. Thus the real significance of 
the audiovisual techniques in education 
is that they are excellent media for pro- 
viding nonverbal support to the more 
traditional verbal interchange of the 
classroom. The media that are used most 
extensively and most successfully are the 
visual ones which supply a rich non- 
verbal context—graphics, slides, films, 
and now television, which can encom- 
pass all the others. In contrast, educa- 
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tional radio, which is primarily verbal. 
has faded into the background except 
for its few specialized functions. 


Principles of Efficient Learning 

A number of general learning princi- 
ples have been confirmed or clarified by 
audiovisual research. The most clear-cut 
principle has to do with active student 
participation. Every effort should be 
made to structure the audiovisual situa- 
tion so as to promote specific responses 
to significant features. Other principles 
of design are subordinate to the princi- 
ple of participation. Graphic composi- 
tion, timing of presentations. special 
cues and devices to organize material 
and call attention to its significant parts 
—these factors and others have the func- 
tion of securing active participation and 
of enabling the student to refine his re- 
sponses, to make them progressively 
more accurate. and to integrate them 
into larger organized patterns of knowl- 
edge. 

One thing made clear by audiovisual 
research is that effective instructional 
design depends on the kind of behavior 
being taught as well as on the nature 
of the learner. All media of nonverbal 
communication used in teaching prob- 
ably can be refined for human educa- 
tional purposes far beyond their present 
state, but only if they are analyzed sys- 
tematically in relation to specialized edu- 
cational needs. 

A recurring observation in the audio- 
visual research literature is that learn- 
ing is likely to be very specific to the 
materials used. In cases where specific 
skills are to be taught, the specificity of 
learning provides a guiding principle of 
educational design. For example, many 
training films are used to teach special- 


ized psychomotor or verbal skills and 
consequently are designed to promote 
very specific responses on the part of 
the learner. In other words, when the 
criterion behavior is well defined, the 
instructional situation can be designed 
to prompt just that kind of behavior. 

A different situation exists in relation 
to the general knowledge and general 
educational skills which make up an im- 
portant part of school learning. If learn- 
ing in school is too specific, we cannot 
expect it to transfer effectively to situa- 
tions outside the school. What can be 
said about the role of audiovisual tech- 
niques in enhancing transfer? Although 
there is very little research evidence on 
this particular problem, we believe that 
learning which goes on in a rich verbal- 
nonverbal context such as is provided 
by extensive use of audiovisual materials 
will be more broadly meaningful, and it 
thus will transfer more effectively to dif- 
ferent but related situations than learn- 
ing which is structured by more limited 
materials. However. in addition to a rich 
verbal-nonverbal context, the learner 
needs a certain variability in approach 
if his learned responses are to be re- 
tained well and transferred to different 
situations. That is, the more invariable 
the learning context, the more specific 
the learning. In this sense, any recorded 
or predesigned instructional situation 
has a built-in disadvantage, for it typi- 
cally does not vary the learning situation 
as much as would be done by a live 
teacher. 

An experiment on television teaching 
will illustrate this point. Hayman and 
Johnson (1963) presented Spanish les- 
sons over television and then tested the 
relative effectiveness of repeating the 
same television lesson and of teacher- 
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directed classroom practice. They found 
that exact repetition of the lesson in- 
creased learning somewhat if no other 
practice were given, but it was not as 
effective as classroom practice directed 
by a teacher. We believe that this find- 
Ing illustrates a principle that probably 
has general validity—that more stable 
learning occurs when the practice con- 
ditions are varied. It is very likely that 
the good showing made by live teachers 
&S compared to carefully planned ex- 
Pensive television classes is due in part 
to the factor of flexibility. A live teacher 
1S more sensitive to the needs of a class 
and also varies the design of the learn- 
Ing situation either intentionally or 
merely because he is alive. 
Merchandisers and advertisers are 
Convinced of the general effectiveness of 
audiovisual techniques, and in their busi- 
Ness of influencing the buying activities 
of the public, the hucksters usually have 
. “en several steps ahead of the educators 
™ their use of the latest media of mass 
Sommunication, We may ignore or we 
may deplore what is taught by advertis- 
ng, but how it is taught and how effec- 
ie it is taught should be as interest 
8 to the learning psychologist and ed- 
i as it is to the advertiser and his 
gr It seems reasonable to assume 
effe Ne communicative media which are 
: ei for advertising purposes prob- 
Sher ne be used just as atectiney at 
ie evels of instruction. The problem 
ns of integrating different modes 
Communication into an educational 
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new technique and conventional teach- 
ing. Since the late 1940s, however. it has 
become more closely aligned with func- 
tional learning psychology. 

2. Studies of the motivational effects 
of films and graphics have had incon- 
clusive results. There is no conclusive 
evidence that interest in instructional 
materials correlates highly with their 
teaching effectiveness. 

3. Audiovisual techniques in common 
with other instructional methods have 
very specific learning effects. Films may 
be equal or superior to conventional 
methods for some areas of teaching. in- 
cluding training in perceptual-motor 
skills. Tape-recorded lectures may be as 
effective as live teaching for limited 
purposes. 

4. The audio channel is more effective 
than print only for nonreaders and poor 
readers or when the material is easily 
understood. Evidence indicates an ad- 
vantage for combined channels over a 
single channel, although the addition of 
pictorial material to verbal sometimes 
retards learning of the specific items 
used. 

5. Evaluations of AV instruction are 
hampered by the fact that we have no 
adequate tests of nonverbal learning. 
Verbal tests favor verbal instruction and 
thus do not permit valid comparisons 
between verbal and nonverbal media. 

6. There are no general rules for se- 
quencing demonstration, practice, and 
review units. The optimal sequence ap- 
pears to depend on the complexity and 
intrinsic organization of the particular 
task. 

7. In general, active participation dur- 
ing film showings aids learning, but co- 
vert participation may be just as bene- 
ficial as overt. Audiovisual materials 
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should be designed to elicit the desired 
responses, either overtly or covertly. 

8. Special embellishments of films and 
graphics do not increase learning unless 
they aid specifically in making important 
discriminations or in promoting under- 
standing. Devices that call attention to 
important points aid learning of those 
specific points. 

9. The first 
parisons of college television teaching 
and conventional teaching at Penn State 
and elsewhere showed no significant dif- 
ferences. Television classes were not well 
liked either by students or teachers. The 
greatest value in college ETV is to ex- 
tend the limits of the classroom beyond 
the campus. 

10. Although ETV is judged to be an 
effective way of demonstrating labora- 
tory and other procedures, some evalua- 
tive studies have turned up no signifi- 
cant differences between television and 
verbal laboratory instruction. 

11. Closed-circuit installations in 
teachers’ colleges permit observation of 
classrooms and teaching procedures 
without disturbing the children with 
groups of observers. 

12. Military research on ETV_ has 
been more analytic than most college 
research. Army research has shown that 
ETV can be improved to the point where 
it is time-saving and more effective than 
conventional teaching. Televised reviews 
after hours enhance learning. Television 
techniques are especially effective for 
training in the use of small equipment 
and the relations between small moving 
parts, for simple rote learning. and for 
recognition training. 


direct evaluative com- 


13. ETV cannot replace classrooms in 
public schools but has been used effec- 
tively with team teaching techniques. 
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After two years, the National Program 
found that television classes were more 
effective than paired conventional classes 
in more than two-thirds of the compari- 
sons. An over-all summary in 1961 was 
somewhat less favorable, although it in- 
dicated that ETV had been far more ef- 
fective in grade schools than in high 
schools or colleges. 

14. Whether ETV is economically 
feasible has not yet been answered. One 
broadcast station can present just one 
program at a time, and the cost of multi- 
channel closed-circuit systems is high. 
One suggested possibility is to use low- 
cost, short-range equipment to transmit 
to a limited area. 

15. The final worth of ETV must be 
judged on the basis of what it can do 
better than other techniques. Its special 
features are remote transmission of au- 
diovisual displays, immediacy, present- 
ing demonstrations, expert teaching and 
timely events. and recording and re- 
trieval possibilities. 

16. The emotional impact and action- 
potential of television appear to be less 
than the effects of motion pictures. 

17. Studies of the effects of commer- 
cial television on children indicate that 
the educational impact is low or non- 
existent and that the motivational im- 
pact may be undesirable. 

18. The slow flicker of television 
sometimes induces epileptic attacks and 
may have other psychophysiological ef- 
fects. 

19. Attitude surveys of program pref- 
erences of television viewers have turned 
up no very clear motivational pattern. 

20. Eye-contact between _ television 
speaker and audience apparently does 
not affect the viewers’ attention, interest, 
or learning. 


Summary 


21. The institutional benefits of tele- 
vision indicate that it should be explored 
as a positive motivational source for 
hospitals, homes, and prisons. 

22. Contemporary audiovisual theory 
emphasizes the specialized nature of non- 
verbal and graphic perception and learn- 
ing and their genesis in human behavior 
and social communication. 

23. The learning principle emphasized 
most by audiovisual research is that of 
student participation. Design factors 
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should enhance participation and aid 
the learner to refine and integrate his 
responses. 

24. Integrated nonverbal-verbal ma- 
terials probably promote broader under- 
standing and greater transfer than lim- 
ited materials. However, predesigned re- 
corded lessons do not have the flexibility 
of a live teacher, and variable presenta- 
tions probably increase the stability of 


learning. 


CHAPTER 


7 


Military Origins 


of Training Science 


Promoting skill learning is usually called 
training as distinct from the more formal 
classroom teaching. Until recent years. 
our scientific understanding of training 
techniques had progressed little from 
that of Stone-Age man, whose training 
methods were as direct and effective as 
those of a nineteenth-century industrial 
supervisor. Workers almost always have 
been trained in a skill by practicing that 
skill with the tools, instruments, or ma- 
chines actually used on the job. 

The study of training and the related 
development of training instruments 
took a sharp new turn during World 
War II when it became necessary to 
train men in skills useful for military 
purposes. The demands were immediate 
and pressing. Thousands of men had 
to be selected and trained to operate the 
ever more complicated machine systems 
designed for aircraft and naval gunnery, 
radar detection, submarine control, com- 
munication, and the other highly tech- 
nical operations of modern war. The 
areas of research and the scientific 
points of view generated by these needs 
gave rise to the discipline now known 
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as human engineering or engineering 
psychology. Within this discipline tradi- 
tional laboratory concern with simpli- 
fied nonmeaningful units such as re- 
flexes and nonsense syllables gave way 
to a new emphasis on the organizational 
factors of patterned behavior. 

The activities of training psycholo- 
gists and human engineers during an 
since the war years not only have con- 
tributed much __ practical information 
about techniques and instrumentation 
in training situations but also have orig- 
inated what amounts to a new science 
of human learning. The central thesis 
of this new approach is that skill train- 
ing can be understood and controlled 
only in terms of a scientific analysis of 
the relations and interactions between 
man and machine—between the pattern- 
ing of behavior and the pattern of opera- 
tions of the device to be used. 


THE CHALLENGE OF WARTIME 
TRAINING 


The educators, psychologists, physi- 


ologists, and other scientists who were 
recruited to organize the crash training 
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programs of World War II themselves 
received little or no specific training for 
the jobs they had to do. Their intro- 
duction to the problems of selection, 
training, and the development of trainer 
equipment usually was very simple. A 
Tesearch director was given an empty 
barracks building. a few research col- 
leagues to help do the work, and a trip 
to see a few installations of equipment— 
often so new it was scarcely off the de- 
Signing boards—and then he was left 
to his own ingenuity. 

What resources. could this 
planted scientist call upon to guide him 
in designing a training program for 
equipment he never before had seen? 

resumably there were two broad areas 
of scientific psychology that should have 
Contributed significantly to training ef- 
forts. One of these was the study of per- 
Ceptual-motor performance and the 
other, the study of learning. 


Analyzing Motor Skills 
Some of the earliest efforts to analyze 
mai behavior patterning were moti- 
ia by the interest of industrialists in 
and elliciency of their workers. Time- 
nin “Motion study originated late in the 
So eteenth century with Taylor’s (1911) 
P-watch measurements of work move- 
Ae and his first systematic studies of 
design, This type of skill analysis 
“ulminated in Gilbreth and Gilbreth’s 
ae classification of the “elemental” 
a of work, such as assemble, dis- 
t semble, grasp, and position. Although 
mai ideas and certain revised pro- 
ures of time-and-motion study have 
os accepted and used widely in in- 
j Ty, they never have achieved scien- 
ae Status in laboratory analyses of 
or performance. Gilbreth’s basic idea 
t human motion can be dissected into 


trans- 
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independent elements which can be 
added, subtracted, and combined in 
various ways without interaction among 
them is reminiscent of the reflex-chain 
concepts of learning psychology but has 
not been validated in scientific motion 
analysis. 

Another line of effort in motor skill 
analysis arose out of the growing in- 
terest in differential psychology early in 
the present century. The great advances 
in intelligence testing made by psycholo- 
gists during World War I stimulated re- 
lated efforts to devise tests of motor 
skills that would serve as a basis for 
personnel selection. These efforts were 
doomed to failure for the reason that 
different motor abilities and skills are 
almost completely unrelated to each 
other. No simple tests could be found 
that would have general predictive value 
for success in skilled performances. 

The most promising line of research 
on skilled motion prior to World War IT 
went almost unrecognized among psy- 
chologists. Early in this century, Dodge 
(1903) analyzed patterns of eye move- 
ments and identified three basic compo- 
nents—fixation, pursuit, and_ saccadic 
(fast jerk) movements. The general va- 
lidity of this type of analysis was es- 
tablished by Stetson e¢ al. (Stetson, 
1951; Stetson and Bouman, 1933; 
Stetson and McDill, 1923) in a signifi- 
cant program of research extending over 
several decades. Unfortunately, some of 
this work never was published and some 
was published obscurely so that it had 
little impact on psychological thinking. 
Stetson devised new recording tech- 
niques to study many types of move- 
ments, including gait, manual skills, and 
speech (see pp- 83f). He recognized 
the multidimensionality of motion and 
the fact that different components must 
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be integrated precisely in the production 
of organized patterns. That is, a pat- 
terned motion is not an agglomeration 
of elemental movements, such as Gil- 
breth’s “therbligs,” nor is it a temporal 
chain of linked reflexes; rather it is a 
highly integrated pattern in which the 
components are interdependent and can 
be analyzed and understood only in rela- 
tion to the whole pattern. These con- 
cepts are basic to a human factors analy- 
sis of skilled performance. 


Learning Psychology Applied 
to Training 

As we suggested in Chapter 2, the 
laboratory study of learning prior to 
World War II had but limited applica- 
bility to the problems of military train- 
ing. A complex perceptual-motor skill 
cannot be described or studied as a 
series of response units linked together 
by the effects of contiguity, reinforce- 
ment, or any other general learning 
factor. 

Of little more use to the training sci- 
entist were the generally accepted psy- 
chological conditions of efficient learning 
drawn from a half century of learning 
research (Gagné, 1962a). He could as- 
sume that, as a general rule, whole 
learning was better than part learning 
and distributed practice more favorable 
than massed practice. He could assume 
that the training situation should be 
meaningful to the learner, that the 
learner should participate actively, and 
that he should have immediate knowl- 
edge of results. Yet these general rules 
did not specify the decisive features of 
particular training situations and some 
of them proved to be of limited validity. 
Experience quickly taught that tradi- 
tional learning principles were inade- 
quate in dealing with the problems of 
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psychomotor training, particularly in 
areas of complex instrumentation, and 
that new concepts and new research 
strategies were needed. 


Genesis of Human Engineering 

With an inadequate scientific under- 
standing of perceptual-motor skills and 
only the most general principles of 
learning efficiency to guide them, war- 
time training psychologists faced many 
special problems posed by the military 
machines themselves, and it was in deal- 
ing with these man-machine problems 
that behavior scientists evolved into hu- 
man engineers. Much of the hastily de- 
signed military equipment was quite 
unsuited to human requirements and 
psychomotor capacities. There were 
monstrous electronic transformers which 
intimidated the novice operator, visual 
equipment which induced hypnotic fa- 
tigue and near-coma, and complex elec- 
tronic trainers which neither recorded 
the performance of the trainee nor bore 
any meaningful resemblance to actual 
task situations. There were complicated 
devices beyond the operative ability of 
all but the most skilled individuals. gun 
systems which could not be directed, and 
tracking instruments which overshot 
wildly with a carnival flare. Not only 
was it necessary to design training pro- 
cedures for military skills, it also was 
just as important to specify the human 
factors requirements of the military ma- 
chines. 

The significant research developments 
in training and training instrumentation 
during World War II are all but lost in 
the routine reports of whole areas of 
psychological research (Cook, 1947; 
Dailey, 1947; Flanagan, 1948), yet 
there were significant advances of both 
applied and theoretical importance. The 
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ist attempts to conceptualize the be- 
having individual as a control system 
were generated in training research pro- 
grams in flexible gunnery and radar 
tracking, where it was realized that the 
trainee’s control activities and learning 
are influenced by the design of the 
machine or trainer being operated. The 
first major step in understanding what 
we now call sensory feedback was 
achieved by analytic studies of the di- 
mensions of knowledge of results in 
training operations. Specifically, this era 
of military training science made it clear 
that the knowledge needed to control and 
learn a precise skill is immediate sensory 
feedback of performance rather than the 
incentive or reinforcing knowledge pro- 
vided by the end effects of performance. 
This revised conception of knowledge of 
results accompanied an inevitable re- 
Srlentation of learning research toward 
the understanding of sensorimotor con- 
trol in human learned skills. 


PRINCIPLES OF TRAINING 
RESEARCH 


Out of their practical experience in 
“oping with specialized problems related 
to Operational skills, the training sci- 
fntists of World War II gradually de- 
veloped some new principles of training 
Ph and research which went beyond 
eg Psychological tradition. The con- 
~€pts and procedures that proved useful 
in Solving these operational problems 
*'S0 provided new understanding about 

© nature of sensorimotor interaction in 
Performance and learning. 


YNamic Simulation of the Task 


mh = the most generally accepted 
fliney principles was that of opera- 
Since Simulation, and some human en- 

ts have come to insist that effective 
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simulation is the prime requisite of 
training design. However, it was rea- 
lized very early that simulating the 
static appearance of a task situation is 
less important than reproducing the 
tempo and patterning of the movements 
involved—that is, the dynamic pattern 
of the task. Thus, a first step in training 
research was to analyze tasks in terms 
of the interrelated actions of stimuli, 
machines, and the human body so that 
the essential spatial and temporal fea- 
tures could be reproduced in trainers. 
In flexible gunnery training. simulation 
of the movement patterns was found to 
be of decisive importance, and the 
tempo of target presentation was found 
to be a critical feature of flash-reading 
trainers for radar operation. 

It was recognized fully in the early 
phases of wartime training research that 
effective simulation necessitated con- 
tinuous presentation or programing of 
simulated task action. To achieve ade- 
quately programed sequences in radar 
and gunnery trainers, they were de- 
signed to present controlled target course 
paths with different stimulus dimensions 
and characteristics. Stimulus action was 
compared automatically with operator 
performance in order to give the trainee 
an immediate display of error. Both vis- 
ual and auditory signals were used to 
indicate sighting accuracy when the 
trainee “hit” a target or plane. 

The desirability of controlling the 
difficulty of successive parts of planned 


courses also was realized and was dealt 


with in terms of specified complexity 
variables. Thus trainees could be ad- 
vanced from simple to more difficult 
training sequences. In some cases, tasks 
were broken up into parts or segments 
which could be presented singly or in 
combination. It was found that the rela- 
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tive effectiveness of part and whole prac- 
tice sequences depended on the particu- 
lar task and its organization. 

The need for dynamic simulation of 
a task in training situations confirmed 
prior ideas about motion specificity. 
Psychological research on psychomotor 
skills between World War I and World 
War II had made few positive contribu- 
tions to theory, but one unmistakable 
conclusion was that such skills are very 
specific in their organization. They bear 
little relation to each other and therefore 
can be learned efficiently only with spe- 
cific training in the desired skill pat- 
terns. 

Because learned skills are very spe- 
cific, however, some provision should be 
made in training procedures for unusual 
or stressful conditions that may be en- 
countered on the job. One aspect of per- 
formance stress that was recognized first 
during the war years is one related to 
very restricted conditions of stimulation. 
For example, a night lookout on a ship 
or a radar observer in a confined space 
before a scope has little to do in the 
ordinary course of events and has mini- 
mal change in his stimulating condi- 
tions. His basic task is to observe—to 
pay attention to a stimulus that may or 
may not appear. It originally was 
thought that the performance of such ob- 
servers would be defined principally by 
their psychophysical functions including 
visual acuity, sensitivity to dim visual 
stimuli, and so on. However, it was 
found that it is very difficult for an ob- 
server to maintain a satisfactory level of 
performance efficiency under restrictive 
stimulus conditions and that vigilance 
typically declines over a period of time. 

The central problem of vigilance is 
the same as in other stress conditions— 


that of maintaining control of the task. 
Restricted stimulus conditions reduce 
the operator’s feedback information so 
drastically that he loses control. His be- 
havior patterns become disorganized in 
the absence of organizing feedback stim- 
uli. A person in such a situation typi- 
cally increases the variation in stimula- 
tion by moving around as much as 
possible or by engaging in incidental 
activities that do not interfere with his 
main task. 


Multidimensionality of Motion 

Following the first principle of ade- 
quately programed dynamic simulation, 
a second major requisite of training re- 
search was found to be multidimen- 
sional analysis of motion. Prior to the 
1940s, systematic recording and analysis 
of the interrelated movements of per- 
formance had received little attention 
except by Stetson (Stetson and Bouman, 
1933). During the war years, multiple 
recording techniques were developed to 
obtain simultaneous records of move- 
ment error in different dimensions and 
records of different movement com- 
ponents in a given task. For example, in 
training research in flexible gunnery; 
separate recordings were made of the 
gunner’s discrete triggering movements, 
of his manipulative ranging movements, 
and of the larger adjustments of the gun- 
sight which were carried out with arm 
and trunk movements. These methods 
made it possible to determine the rela- 
tion between the occurrence of a certain 
movement pattern of the operator and 
the extent of tracking error in different 
dimensions. 

The application of multidimensional 
recording techniques to training Te- 
search is illustrated in Figure 7.1, which 
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igure 7.], Recording movements in dif- 

oe dimensions from the operating pattern 
@ pedestal sight in the B-29 bomber. 


stows how records were obtained of 
different dimensions of movement of a 
ne sight of the B-29 bomber. The 
Polygraph recordings indicated the na- 
© of the student gunner’s coordinate 
wpe cments in sighting. Careful analysis 
; Such records early in the B-29 devel- 
pe program led to the conclusion 
at this particular gun-sight was poorly 
ene from a human engineering 
Sores Point, for all but the simplest target 
Mie at posed nearly impossible prob- 
Was ~ movement integration. A gunner 
4s likely to trigger his sight off tar- 
8et as hear or on target. 

te analyses of the performance . 

S¥steme over a period of time provide 
Matic data indicating that different 
i components, although inter- 
In a total task, vary independ- 
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ently during training and show different 
learning functions. Different movement 
components and movements in different 
dimensions were learned at different 
rates during practice of the over-all mo- 
tion pattern. These observations on the 
differential learning of movement com- 
ponents were confirmed in further stud- 
ies carried out after the war (John- 
son and Milton, 1947; Lincoln and 
Smith, 1952; Wehrkamp and Smith, 
1952). 

The procedures of multidimensional 
motion analysis developed for training 
research purposes contributed to the de- 
velopment of one of the major concepts 
about perceptual-motor behavior that we 
outlined in Chapter 3: namely, that all 
motion patterns are made up of inde- 
pendently regulated but interacting com- 
ponents of posture, body transport (rate 
control), and manipulation (contact or 
positioning movements) Smith and 
Smith, 1962). The principle of multi- 
dimensionality implies that different 
movement components have differential 
effects upon the operation of any device 
and are, in turn, affected differentially 
by practice and other variables related 
to the performance situation. For ex- 
ample. in tracking performance, posi- 
tioning and rate control movements 
show quite different learning and trans- 
fer functions and are affected differently 
by certain situational and machine vari- 
ables. 

After the war, these general ideas 
about differential movement interaction 
in learning and performance were tested 
in a series of controlled experiments and 
were found to be applicable not only to 
tracking and sighting movements (Lin- 
coln and Smith, 1952; Pearl et al., 
1955; Simon and Smith, 1956) but also 
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to other types of patterned human mo- 
tions (Smith and Bloom, 1956; Smith 
and Wehrkamp, 1951). Figure 7.2 illus- 
trates the idea of the three basic move- 
ment components in a tracking opera- 
tion. In systematic motion analyses of 
tracking and many other types of per- 
formance, we have shown that the dif- 
ferent component movements in behav- 
jor vary independently in operational 
patterns and also in relation to different 
learning, perception, and motivation 
variables. 

The concept of motion multidimen- 
sionality provides some insight into the 
nature of skill specificity. A particular 
motion or skill can be understood only 
as a pattern of independently variable 
but interrelated components. The skill 
derives its specific character not just 
from the types of components of which 
it is composed but also from the way in 
which these components are integrated 
into a spatial and temporal pattern. Thus 


Figure 7.2. Three basic movement com- 
ponents in tracking behavior—posture, trans- 
port, and manipulation, 


Control 


’Posture-” 
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a number of movements which seem to 
be the same might be combined into 
different skill patterns which retain their 
specificity in relation to each other. 
These ideas about motion organization 
stand in marked contrast to the time- 
and-motion study concepts developed by 
Gilbreth and Gilbreth (1917) and still 
in use. Whereas Gilbreth proposed that 
motion can be subdivided into discrete, 
independent elements which retain their 
own identity and timing in task situa- 
tions, our analytic studies of motion 
show that the patterning and timing of 
components always are influenced by the 
task as a whole. 


Knowledge of Performance 


All groups concerned with wartime 
training problems recognized the im- 
portance of giving the trainee a quick 
indication of the accuracy of his per- 
formance—that is, immediate knowl- 
edge of results. However, in training 
complicated perceptual-motor skills, it 
was found that general knowledge of 
success or failure was not always enough 
to promote efficient learning. It was 
necessary to inform the trainee more 
specifically about the nature of his 
movements and their error in relation to 
the action of the system or the percep- 
tual display. 

The problem of information feedback 
was particularly acute in designing 
trainers for sighting, steering, and track- 
ing systems in which movement of the 
perceived target on the view screen de- 
pended on both the responses of the 
operator and movements of the actual 
target in space. If the operator’s track- 
ing instrument itself were located in a 
moving system, such as a ship or plane; 
still a third movement variable affected 
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the relative movement of the target on 
the operator’s view screen. In such a 
situation, what the individual saw de- 
pended on his own motion and on the 
motions of the two moving systems. His 
reference systems for judging the rela- 
tive direction of movement and error 
were lost. For example, operators of 
night fighter radar equipment could not 
always tell from their own perceptual 
displays the nature of the maneuvers of 
an opponent’s plane because they had to 
judge such movements relative to the 
action of their own craft in terms of the 
displacement of a single spot on a radar- 
Scope. 

To train operators to operate these 
tracking systems with any degree of 
effectiveness, it was necessary to design 
trainers which provided more than one 
'Ype of information to the trainee. Many 
of the training problems which never 
wets solved satisfactorily during the war 
inged on the difficulty of providing in- 
past about movements of both 
Set and operator in relation to per 

Ormance error. 
The problems related to providing 
Er ies of results in complicated ma- 
e skills have significant implications 
riage ological theory. Learning theo- 
sull usually interpret the knowledge 
results factor as a type of reinforce- 
— that defines what is learned. A 
4 ‘ah with successful results presum- 
Siren 's learned whereas an error re- 
ising. is not learned. However, pe 
thine ng psychologists recognize = 
than hi more to knowledge of results 
Cee e general incentive value of suc: 
skills: failure. In complicated machine 
en, x is not enough to provide the 
Seti, with reinforcing knowledge at 
end point in a task. Rather, the 
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learner needs continuous and immediate 
sensory feedback informing him of the 
effectiveness of his performance. Only 
with adequate feedback can he maintain 
effective control of his movements and 
show satisfactory learning improvement. 

The term feedback has come into 
fairly general use and means different 
things to different people. By sensory 
feedback, we mean the pattern of affer- 
ent stimuli (visual, auditory, tactual, and 
so on) which result from a specific re- 
sponse pattern in a particular environ- 
mental situation. If the feedback is ade- 
quate for the task at hand—that is, if it 
is immediate, detailed, and accurate 
enough—the pattern of motion can be 
performed in a more integrated and 
effective way and can be improved more 
through practice than if the feedback is 
delayed, incomplete, misleading, or 
otherwise distorted. 

Very often a complicated machine 
transforms, delays, or distorts feedback 
to the point of degrading the operator’s 
performance. Thus an important part of 
human engineering and training re- 
search is to make careful analyses of the 
machines to be used in terms of the man- 
machine interrelationships. Can a ma- 
chine of certain design be operated effi- 
ciently by a human individual, or does 
its technical design interfere with the 
normal patterning of human motion? In 
+ to achieve optimal efficiency of 


orde’ 
a machine system should be 


operation, 
designed to permit optimal sensory con- 
trol by the operator. That is, precise in- 
n about how his movements re- 


formatio’ 
ihe various reactions of the 


late to 
system in space and in time should be 
displayed perceptually to the operator 


as he carries out his task. 


The years since the war have seen a 
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growing interest in sensory-feedback 
research but only the most limited ap- 
preciation, especially among learning 
psychologists, of the significance of feed- 
back control in behavior organization, 
performance and learning. In our opin- 
ion, the principle of feedback control 
of performance has some very direct 
implications for all segments of training 
research and learning science. It means 
first of all designing performance situa- 
tions to optimize control of the particu- 
lar operations of the task. In training 
simulation, it means programing and ad- 
justing different levels of control to meet 
the special needs of the learner. In edu- 
cational design, it means arranging ma- 
terials, communication processes, and 
programs to encompass variations and 
perturbations in control that may be en- 
countered in real-life situations. In 
learning research, it means devising new 
methods of analyzing the dynamic proc- 
esses of sensory-feedback control of be- 
havior and devising new methods of 
measuring the effects of varying or per- 
turbing different dimensions of such 
feedback control on performance and 
learning. We shall turn to a more de- 
tailed consideration of sensory-feedback 
research later in the book. 


Minimizing Feedback Delay 


One of the most troublesome behay- 
ioral problems that arose in military 
training research was that of delayed 
sensory feedback resulting when a delay 
was imposed between the action of an 
operator and the perceived effects of that 
action. In gunnery, a feedback delay is 
inherent in the nature of the task, for a 
gunner cannot know the effects of his 
performance until the bullets have trav- 
eled their course. Inasmuch as delayed 
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perception reduces accuracy, consider- 
able effort was expended in Air Force 
gunnery training programs in attempts 
to simulate the temporal relationships of 
firing at remote targets while still giving 
the student gunners a fairly quick indi- 
cation of their accuracy. 

A persistent problem in human en- 
gineering research is to cope with feed- 
back delays that are introduced into 
man-machine operations by the design 
of the machines themselves. Remote con- 
trol systems used in gunnery, in track- 
ing, and in steering of massive ships or 
planes involve many linkages in control 
and long-distance transmission of in- 
formation which inevitably introduce 
feedback delays into the performance of 
an operator. Delays also are introduced 
into remote control systems by the com- 
puters that are used to integrate the many 
sources of information which must be 
combined to determine the course of 
action. 

Automation techniques developed dur- 
ing the war to help operators control 
moving systems such as radar antennae, 
guns, direction finders, and aircraft gen- 
erally involved supplying mechanical or 
electrical aid to a movement component 
or a dimension of movement in a control 
system. That these automated systems 
introduced problems as well as supply- 
ing aid soon became apparent, particu- 
larly in relation to tracking or steering 
systems. Basically, tracking is simply a 
following action, such as following a 
moving object with the eye, head, or 
hand, or bringing a gun to bear on a 
moving target. When the tracker exe- 
cutes the following action by his own 
movements without outside aid, the per- 
formance is known as direct pursuit 
tracking. However, heavy gun systems 
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and other mobile military machines of 
great size and complexity can be posi- 
tioned only if some mechanical or elec- 
trical aid is provided. 

The first type of devices developed to 
supply aid to trackers, which were 
known as velocity tracking systems, pro- 
vided automated control of the rate 
function. In velocity control, as dia- 
gramed in Figure 7.3a, the operator does 
not control his cursor (or gun or ve- 
hicle) directly but rather controls the 
direction and speed of rotation of a 
motor which in turn moves the cursor. 
Every movement of the operator’s hand- 
wheel generates a rate of movement of 
the motor which varies according to the 
extent of the handwheel movement. Thus 
the operator adjusts the position as well 
as the speed of the cursor by adjusting 
the rate and direction of rotation of the 
motor. 


Figure 7.3. Automated tracking systems. @- 
Velocity control. b. Aided tracking or partially 
automated control. 
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It was believed originally that this 
automation of the rate function would 
lead to more efficient tracking by reliev- 
ing the operator of continuous control 
of the tracking movement. In actual 
practice, this proved not to be the case. 
It is extremely difficult to learn to con- 
trol rate of movement of the cursor in 
velocity tracking with any degree of 
accuracy. In trying to pick up a target, 
the operator sets in a rate of movement 
and then must wait to see if this rate is 
correct. If he turns his handwheel rap- 
idly, the cursor overshoots rapidly, and 
he must make a quick corrective move- 
ment which very likely will cause the 
cursor to lag behind. Each time he 
moves the handwheel he must wait to 
see the effect his movement has had on 
the cursor. With such a velocity system, 
steering or tracking in two dimensions— 
in azimuth and elevation—is almost im- 

ossible. 

Notwithstanding the difficulties of ve- 
locity tracking, most of the engineers 
concerned with tracking systems were 
convinced that automated tracking was 
superior to directly linked control mech- 
anisms. Accordingly. they tried to im- 
prove velocity control by giving the di- 
rect positioning function back to the 
operator. in what is known as aided 
tracking. As shown by the diagram in 
Figure 7.3b, the handwheel now is 
linked to a differential which positions 
the cursor directly. but it also causes the 
motor to generate a rate of movement in 
the same direction—a rate which still 
varies according to the extent of the 
handwheel movement. If the generated 
rate of pointer movement is the same as 
that of the target, there is no need of 
further action by the operator. Although 
tracking considered 


rate-aided was 
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highly successful by most gunnery and 
radar engineers during the war, a sys- 
tematic survey of Air Force gunnery 
systems by one of the authors convinced 
him that both velocity and aided track- 
ing and steering devices were inferior 
to directly linked systems for all but the 
simplest target courses with minimal 
variation in speed of movement. This 
judgment subsequently was tested in the 
laboratory and confirmed (Lincoln and 
Smith, 1952). 

The fundamental defect in both ve- 
locity and aided tracking systems is the 
inherent delay between the operator’s 
movements and his perception of the 
effects of those movements. The magni- 
tude of the delay varies according to the 
rate generated and sometimes is as long 
as a second or more. A delay factor of 
this magnitude seriously impairs ac- 
curacy. Even in aided tracking, where 
the operator can see immediately the 
positioning of the cursor, he must wait 
to see the rate he has generated. The 
detrimental effects of perceptual delays 
on precisely patterned motions have 
been recognized more generally in the 
past fifteen years since the introduction 
of controlled laboratory experiments on 
delayed sensory feedback, both auditory 
and visual (K. U. Smith, 1962). If war- 
time engineers and training psycholo- 
gists had been fully aware of the signifi- 
cance of delayed feedback, costly errors 
in equipment design might have been 
avoided. 


Analyzing Man-Machine Systems 
One of the most general principles 
that emerged in wartime training re- 
search was that training problems re- 
lated to complex machine operations 
cannot be considered apart from a com- 
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prehensive analysis of the entire oper- 
ating system. If operators are to be 
trained to perform a task effectively, 
they must be provided with a machine 
that is designed according to valid hu- 
man engineering principles—that is, a 
machine that fits the sensory and motor 
abilities and feedback controlled inter- 
actions of a human operator. 

Our discussion of delayed feedback 
points up one general problem that must 
be taken into consideration in human 
engineering, but many others arise in 
the interactions of man and machine in 
operating systems. The design of some 
compound control systems is such that 
variation in one pattern of motion neces- 
sarily requires change in the pattern of 
a second movement if effective control 
of the device is to be maintained. That 
is, in some systems the controls interact 
in such a way that the nature of one 
movement pattern is contingent upon 
another pattern which is being executed 
simultaneously. Examples of such inter- 
acting control systems in wartime equip- 
ment included aircraft with turret gun- 
sights in which movements of the turret 
modified sight controls, the B-29 gun- 
sight which combined elevation tracking 
and ranging in compound variable ways; 
and vehicle systems in which move- 
ment of the vehicle changed gun- 
sighting movements. Designing effective 
trainers and training procedures for 
such complex tasks hinged on an under- 
standing of what the task involved be- 
haviorally—on analyzing the nature of 
the sensorimotor control pattern that 
was demanded of the operator. 

Under the pressure of military needs 
and demands, equipment design some- 
times got completely out of step with 
human design. An example was one of 
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the early applications of analog com- 
puters as control mechanisms in com- 
plex machines. A computer mechanism 
was used in the fire-control system of the 
B.29 bomber to integrate data concern- 
ing the position and rate of movement of 
the gun-sight with flight and ballistic 
data of the plane and gun mechanism in 
order to predict the path that a bullet 
should take to hit an incoming fighter. 
The guns were directed by the computer 
according to this prediction. According 
to original design, the computer was 
Sensitive to every small variation in in- 
put from the gun-sight that was manipu- 
lated by the gunner. However, it soon 
Was recognized that the gunner was pro- 
viding input data other than the true 
Position control and rate-control move- 
ments of the sight. His ordinary rapid 
tremor movements dominated the input 
system of the computer so that the guns 
acted more in accordance with the gun- 
ner’s jitters than with his sighting mo- 
tions. In an attempt to eliminate this 
unanticipated behavioral effect, the in- 
put gears of the complex servomecha- 
nism were slotted to filter out the effects 
of tremor. This modification introduced 
an appreciable delay into the computer 
©perations. In fact, the computer's reac- 
tion time was so slow that the guns 
Could not always be brought to bear on 
the target in a rapid attack by enemy 
fighters, The slewing-on time of the gun 
System sometimes was longer than the 
Critical phase of the attack. 

The main problems encoun 
‘raining gunners to use this fire 
system were related to the delay jn com- 
puter reaction. The differential effects of 
different tracking movements made by 
the gunner had to be determined before 
@ systematic training procedure could 


tered in 
-control 
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be devised. The problems posed by this 
computer system arose from the fact 
that neither the original design nor the 
modified design made allowance for the 
behavioral design of the human oper- 
ator. 

Special training problems were im- 
posed by many forms of automated and 
partially automated control systems de- 
veloped during the war period. It has 
been shown that automated control sys- 
tems usually are more difficult to learn 
than direct control systems. The reason 
for this is that the intermediate machine 
action introduces spatial or temporal 
transformations into the operator’s feed- 
back-control pattern. Some spatial trans- 
formations can be adapted to with little 
trouble, but even minor feedback delays 
are detrimental to performance accu- 
racy. 

Central to a human engineering analy- 
sis of a training situation are the space 
and time factors involved in the per- 
formance, the characteristics of move- 
ment specialization and integration, the 
pattern of control of the system, and the 
relation of sensory display and informa- 
tion to motor control. These factors can 
be analyzed most effectively in an over-all 
simulation of the operating system. Re- 
search on the system provides data that 
can be used both in designing effective 
training procedures and in checking and 
revising the design of the system itself. 


POSTWAR MILITARY TRAINING 


As suggested by more than one author 
dealing with military training programs, 
the art of training has far outdistanced 
theoretical formulations of the processes 
involved. This is nowhere more obvious 
than in the advanced training programs 
which have been developed to meet the 
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operational needs of aircraft, aerospace, 
radar, electronics, and other military 
systems. A review of some aspects of 
recent military training design will serve 
to illustrate the technological advances 
that have been made since the war years 
while pointing up some of the problems 
that still must be faced by training sci- 
entists. 


Complex Simulators 
and Simulation Training 

From their relatively humble origins 
in simple simulation devices, gunnery 
and flight simulators have developed 
into highly complex training systems 
that combine automatic programing of 
task sequences and multidimensional re- 
cording and control of response with dy- 
namic simulation of the task situation. 
For example, a recently developed flex- 
ible gunnery training system for the 
B-52 airplane presents target courses of 
attacking interceptor aircraft and mis- 
siles by means of film, radar, or tele- 
vision displays (Stave, 1960). Three 
characteristics of gunner performance 
are recorded—reaction time, range in- 
formation. and integrated error of man- 
ual tracking in azimuth, elevation, and 
range. A graphic error record is ob- 
tained as well as a time-on-target record. 

An even more elaborate and costly 
trainer is the multimillion dollar aircraft 
flight simulator shown in Figure 7.4. 
Complex aircraft simulators include 
controls and programing not only for 
the basic operations of the aircraft but 
also for variable conditions of weather, 
maneuvers, and coordination in opera- 
tion. Recently there have been efforts to 
develop compound simulation trainers 
for multiple operations, such as the co- 
ordinated tasks of an entire aircrew 


Figure 7.4. A complex aircraft flight simu- 
lator which can generate a flight environment 
and induce a pattern of movement of the plane 
which must be “flown” by the trainee pilot. 
Landing and take-off operations and varied 
weather conditions can be simulated by means 
of magnetic tape and computer components. 
(From Parker and Downs. Selection of train- 
ing media. USAF Aeronaut. Sys. Div. tech. 
Rep. 61-473, 1961.) 


(Hood et al., 1960). All such efforts to 
achieve comprehensive simulation of 
flight operations have been exceedingly 
costly. One factor which has contributed 
heavily to the costs of simulator trainers 
has been the use of analog or digital 
computers to program the courses of 
action. This cost item may be reduced 
by standardizing computer components 
so that the same unit can be plugged 
into different training systems (Curtiss- 
Wright Corp., 1961). 

Even if the costs of simulators could 
be disregarded, it would not be possible 
to simulate all features of the real thing. 
In view of the less than perfect realism 
of even the most complex simulation 
systems, it seems advisable to incor- 
porate only those specific features which 
add significantly to their training effec- 
tiveness. However, there have been very 
few systematic attempts to differentiate 
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between important and relatively unim- 
portant simulation features. Newton 
(1959) has shown that a relatively sim- 
ple simulator was just as effective in 
training for fast submarine operations 
as a highly realistic and complex simu- 
lator. Wilcoxon and Davy (1954) 
showed that the addition of rough air 
simulation in aircraft training did not 
Improve later performance significantly. 
In some cases, deliberate alteration of 
task features in a simulator may be 
advisable, for it is possible that such 
Systematic changes as increasing or de- 
creasing the precision of the task, en- 
Couraging or discouraging the number 
of errors in training, and varying the 
Sequence of part-practice to whole- 
practice may enhance learning (Gagné, 
1962b), 

Ina general assessment of the useful- 
ness of simulator trainers, Parker and 
Downs (1961) concluded that they are 
Most effective for training in proce 
dural sequences, understanding princi- 
Ples and relationships, decision-making, 
and skilled perceptual-motor acts. Simu- 
lators are relatively ineffective in per- 
Ceptual discrimination training and too 
Costly for identifications training. Ac- 
cording to Gagné (1962b), the first 
Stages of learning do not require simu- 
sa except in the case of motor cual 

arning, which apparently requires 
highly accurate simulation from the be- 
S!nning, Procedures, identifications, 
onceptual tasks can be taught initially 
Y using verbal and pictorial materials 
Such as check lists, charts. ™&PS- and 
Pictures. Initial training in team func- 
Uons needs only a low degree of simu- 
ation, for more advanced 
many 


and 


t However. 
Yr ini . . 
alning, for consolidation of 
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skills into operational proficiency, and 
for maintaining a high level of profi- 
ciency, simulators are highly useful. 


Hazard and Stress Training 

A special area of simulation training 
is concerned with preparing operators 
to cope with the emergency situations 
and hazards that are related to their 
jobs. Escaping from high speed aircraft 
by means of ejection devices is a hazard- 
ous but sometimes essential operation 
which requires extensive training. Dem- 
onstration films have been used with 
some success, but more effective training 
is provided by the ejection simulator 
illustrated in Figure 7.5. Nevertheless, 
pilots who have had experience with 
this ejection simulator, including ex- 
erience in ejection from a tower, have 
reported that the actual shock of ejecting 
from a falling plane is far greater than 
they have been trained to expect (Beer 
et al., 1961). The seat trainers do not 
push as fast as real ejection seats and 
romote a certain complacency about 
ejection which should be countered by 
some revision in training techniques. 

There has been very little systematic 
research in either military or industrial 
areas on the possibility of reducing ac- 
cidents and hazards by specific training 
in accident avoidance and emergency 
procedures. The psychological literature 
on accident prevention, dating from the 
original work of Miinsterberg (1913), 
deals mainly with psychometric attempts 
to predict individual differences in acci- 
dent proneness and procedures for re- 
cording worker accidents (Thorndike, 
1951: Vasilas et al., 1953). In general, 
these efforts have had little effect on 
accident rates. although Wilson (1962) 
has reported that an industry reduced 
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Figure 7.5. 


The aircraft ejection trainer, an example of instrumentation for 


hazard training, It is essential for pilots to develop confidence and decision-making 
ability for emergencies necessitating ejection from jet planes when a mistake would 
lead to injury or death. (From Parker and Downs, 1961.) 


accidents among its truck drivers by in- 
forming them whether they had scored 
high or low on an accident prediction 
test battery. The high scorers were told 
that with favorable aptitudes they should 
maintain a good driving record, and the 
low scorers were warned to be unusually 
careful. Obviously it should be more 
effective in the long run to determine 
whether there are factors in accident 
proneness that could be improved by 
systematic training. 

Specific training can be given for 
hazards and emergencies only to the ex- 


tent that such situations can be predicted 
and also to the extent that certain as- 
pects of the situations can be brought 
under the control of the operator. The 
pilot who ejects from a falling plane has 
lost control of his operational situation 
and is trained to escape from it with his 
life. In some cases, however, it is pos- 
sible to predict emergencies in which 
the operator can maintain effective con- 
trol of his task or his machine if he has 
been trained to make appropriate re- 
sponses. 

Training for specific hazards or emer- 
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gencies related to jobs can be considered 
a special kind of stress training. In a 
more general usage, stress connotes 
some unusual or disturbing condition 
that may or may not be related to the 
job but which cannot be brought under 
the control of the operator or can be 
controlled only to a limited extent. 
(Whether stress should be defined as an 
external condition or as an internal state 
brought about by the stressful external 
Condition will not concern us here.) 
Thus in military combat, operators must 
Perform in the midst of noise, confu- 
Sion, and danger that are beyond their 

Scope of control. 
It usually is assumed that stress is 
ctrimental to performance, and some 
training specialists believe that stress 
should be introduced during training if 
tis to be expected during later perform- 
ance. According to an analysis by Deese 
(1962) » these assumptions are not neces- 
Sarily valid. Deese assumed that stress- 
ul stimuli produce motor arousal and 
i pe tension, and that these gen- 
he effects are associated with certain 
in aa motor effects, including increase 
tena rate, amplitude, and variability of 
Dlied b increase in the peak force ap- 
lites Y certain muscle groups; shorter 
dane of 2 ballistic movements; m- 
sion: variability of movement preci- 
tive she increased variability in ee 
eflect ovements. If such relatively spec!¢ 
aie do occur as a result of stress, the 
plication is that different skilled 
feo ments would show differential ef- 
a tens For example, Deese suggested that 
PPing movement might be facilitated 
hen of the shorter movement latency 
ste by stress, whereas i (precise 
cay 8 Movement would deteriorate be- 
Se of the increased variability of 
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movement precision. Thus the over-all 
effect of stress on an entire task would 
depend on the nature of the task’s com- 
ponents. 

In addition to these motor concom- 
itants of stress, one must take into con- 
sideration the autonomic effects which 
probably interfere directly with the per- 
formance of skills. Deese’s assumption 
was that autonomic arousal acts as a 
distraction to the performing individual. 
Our own opinion is that both somatic 
and autonomic effects of stress influence 
skilled performance by disturbing the 
sensory-feedback pattern of control. To 
anticipate our later discussion of feed- 
back research, we have good evidence 
that increased tension and autonomic 
arousal produce both physiological and 
mechanical variations that are reflected 
in the pattern of sensory-feedback regu- 
lation. At all times, the breathing move- 
ments and heart pulse of the individual 
introduce rhythmic variations that both 
mechanically and by neural interaction 
perturb somatic control. Under proper 
experimental conditions, it is possible 
to see the effects of almost every breath 
and heart beat on a record of precise 
manual movement. If the subject’s heart 
rate and breathing rate increase, the 
degree of perturbation js increased. In- 
asmuch as stress causes increases in 
heart rate and breathing, we expect 
direct effects on sensory-feedback con- 
trol under such disturbing conditions. 
Part of the improvement that occurs 
during skill training undoubtedly is due 
to the reduction of physiological per- 
turbation that results as the trainee be- 
comes familiar with the task and the 
learning situation. If the skill is likely 
to be performed under stress, we believe 
that it is important to introduce deliber- 
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ately stressful conditions during train- 
ing insofar as feasible. However, a 
trainee’s adaptation to the regular opera- 
tions of a task and to training stress 
should not be expected to eliminate the 
physiological perturbation of feedback 
control that can occur under unusual 
conditions or hazardous emergencies. 

There is some research evidence to 
support the belief that the difference in 
performance produced by two different 
task designs, a good design and a poor 
one, is enhanced under conditions of 
stress (Murphy, 1959). If this were 
generally true, the superiority of good 
training design would show up far more 
when performance is stressed than under 
normal conditions. Fitts (1962) has sug- 
gested that this effect may be attributed 
to the factor of overlearning, inasmuch 
as a well designed task is overlearned 
more than one of poor design. Accord- 
ing to Fitts, extensive overlearning of a 
skill makes it resistant to stress, fatigue, 
and interference. 


Radar Operation Training 

Another important area of simulation 
training is related to radar operations 
and control. In Figure 1.3 of Chapter 1 
we showed two photographs of a com- 
plex radar simulator for air-traffic con- 
trol (Allen et al., 1954). The spot tar- 
gets which can be seen on the simulated 
radarscope follow controlled patterns of 
movement simulating movements of 
planes. The system also simulates wind 
effects, chatter and noise, and blip fad- 
ing on the scope face. Producing this 
radar simulation of aircraft movement 
requires a whole roomful of workers and 
instruments, as shown in Figure 1.3). 

This simulator was designed prima- 
rily for research on human factors in 


air-traffic control and for the study of 
specialized equipment and _ personnel 
needs involved in radar approach con- 
trol operations. The procedure used was 
to relate behavioral variations in air- 
traffic controllers to the type of infor- 
mation displayed on the radar system, 
the patterns of communication used, the 
nature of the targets tracked, the ac- 
curacy of the radar system, and other 
variables. Although the system is a 
highly realistic simulator, it does not 
incorporate some of the features of a 
standardized and controlled training 
situation inasmuch as its primary use 
is for research. 

Radar operation is a type of perform- 
ance that sometimes is called a percep- 
tual skill, emphasizing the importance 
of the perceptual display in organizing 
the task. The motor output of a radar 
operator appears to be relatively slight. 
He remains seated and directs his en- 
ergies toward keeping track of different 
sources of information which must be 
compared and differentiated. The oper- 
ator’s course of action depends on his 
perceptual discriminations. However, the 
relative prominence of the perceptual 
aspects of a skill does not mean that the 
motor aspect is less important, for all 
skills are perceptual-motor control se- 
quences that integrate perceptual in- 
formation with motor output by means 
of feedback processes. Perception always 
represents some level of response con- 
trol, although at times the activity may 
be restricted to the receptor systems 
working more or less independently of 
the rest of the body. 

When perceptual input and motor out- 
put are relatively slight, a perceptual or 
observational skill always raises the 
problem of vigilance—of maintaining 
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a high level of alertness and proficiency 
under the restricted conditions. Main- 
taining vigilance usually is treated as a 
perceptual problem, but we believe that 
a more fruitful approach is to recognize 
it as a problem of feedback control. The 
Operator needs a certain amount of ac- 
tivity carried out in relation to the 
stimulating conditions in order to main- 
tain his sensitivity and organized 
feedback-mediated control of the task. 
This is a problem in training and equip- 
ment design which has scarcely been 
considered. 

Our own observations and theoretical 
concepts suggest that a very definite 
Principle should be followed to enhance 
Vigilance and thus to enhance the oper- 
ator’s control of a restrictive perceptual 
task. The task situation and equipment 
should be designed to maximize oppo! 
tunities for activity, especially activity 
Telated to the task itself. First. the oper- 
ator should be given room to move 
around and shift bodily position in or- 
“er to maintain general bodily senda 
"ly and movement organization. Such 
8TOss movements also have the result of 
jing the spatial position of the eyes 

relation to the visual field and thus 
. enhancing organizing visual feedback. 
a any specific control operations 
elated to the task should require fairly 
an Movements rather than minimal 
‘iustments This principle implies that 
is 5 mine steering or positioning wheel 
S better than the small ones which actu- 
ally are used on such devices as tracking 
‘ystems, 

i different types of tracking per- 
=e will serve to_ illustrate how 

‘pment design sometimes dictates 
rs differences in task activity- We al- 
Y have described direct pursult 
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tracking as a following action. Another 
type of tracking is known as compen- 
satory tracking, in which the operator 
makes compensatory adjustments on his 
control instruments to keep his entire 
mobile system zeroed in on a target. 
Compensatory tracking is compared with 
pursuit tracking in Figure 7.6. In the 
ursuit device, the operator makes his 
pointer follow the target by continual 
positioning and rate-control movements 
of his handwheel. In the compensatory 
system, an antenna pickup detects the 
presence of a target and transmits a sig- 
nal to the view screen as a target spot. 
The task of the operator is to keep the 
spot centered either horizontally or ver- 
tically or both. That is, he compensates 
for movement of the target by recenter- 
ing the system. 

It can be seen that compensatory 
tracking involves quite a different mo- 


Two tracking tasks with dif- 


Figure 7.6. 
ts. a. Direct pursuit 


ferent activity requiremen| 
tracking. b. Compensatory tracking. 


Direct Pursuit Tracking 


Compensctory Tracking 
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tion pattern from that of direct pursuit 
tracking. Whereas pursuit tracking re- 
quires sweeping transport movements 
upon which are superimposed corrective 
positioning adjustments, compensatory 
tracking is made up almost entirely of 
small, discrete positioning movements 
which keep the target spot on center. 
Further, the compensatory tracker can- 
not see the movement of the target di- 
rectly, but sees only the deviation of the 
target spot caused by the relative dis- 
placement between the moving target 
and the tracking system. It is known that 
compensatory tracking generally is more 
difficult and less precise than pursuit 
tracking. Our belief is that this differ- 
ence is due to the different opportunities 
for sensory control in the two tasks. The 
restricted perceptual-motor activity of 
compensatory tracking does not provide 
enough variation in perceptual display 
and feedback patterns for the operator 
to maintain a high level of organized 
control. 


Technical Knowledge Trainers 


The principles of controlled knowl- 
edge of results, immediate perceptual 
feedback, and automated programing of 
training sequences, which were applied 
during the war years to combat trainers, 
have been extended since the war to the 
development of highly specialized mili- 
tary trainers to teach maintenance oper- 
ations, electronic trouble-shooting, and 
other technical knowledge. Two types of 
such devices are those which provide 
practice in actual technical operations 
and those which train in the knowledge 
and principles of such operations. All 
of these trainers might be classified as 
teaching machines inasmuch as they in- 
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struct in technical knowledge more than 
in overt perceptual-motor skills. 

The trainer shown in Figure 7.7 is a 
malfunction and circuitry trainer, com- 
monly referred to as the MAC trainer 
(French and Martin, 1957; Hansen et 
al., 1959). It is a self-instructional de- 
vice for teaching trouble-shooting in a 
simulated electronic system. The stu- 
dent’s task is to correct a malfunction 
in the system by replacing one of the 
small black boxes seen at the upper left 
on the front panel, by pressing one of 
the buttons on the top panel just above 
the black boxes, or by a combination of 
these operations. The student must learn 
to identify 200 possible malfunctions by 
taking measurements on the various 
dials and indicators. A buzzer sounds 


Figure 7.7. The malfunction and circuitry 
trainer (MAC). The student must identify 
malfunctions in the electronic circuits by using 
a sequence of steps of optimal efficiency. The 
device scores the time and number of correct 
and incorrect checks made. (Based on Kop- 
stein and Shillestad. 4 Survey of auto-instruc- 
tional devices. USAF Aeronaut. Sys. Div. Tech. 
Report No. 61-414, 1961.) 
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when he makes an incorrect response, 
and a recording system indicates his 
score in terms of the number of mal- 
functions correctly and incorrectly iden- 
tified. It also indicates the measurements 
made to find the trouble. 

We shall not extend our discussion of 
these military self-instructional trainers 
at this time because all of the questions 
related to self-instruction and programed 
lesson sequences have come to a focus in 
the more general educational arena. 
Starting with Chapter 10, we shall de- 
vote three chapters to developments in 
the teaching-machine and programed 
learning field. 


SUMMARY 


l. The training needs of World War 
. Senerated the discipline of human en- 
8neering, which not only has contrib- 
uted much practical information about 
training instrumentation but also has 
°riginated a science of human learning. 
2. Prior to the war years, research on 
Motor skills had established few valid 
fe clusions other than the general fact 
Jat skills are very specific and bear 
Mttle relation to each other. Scientific 
vee ctanalysis techniques had been de- 
°'oped by Stetson. 
stan goorventional learning theory and 
" ward principles of efficient learning 
ded an inadequate base for war- 
ae training programs. 
ai 4, A primary principle of training de- 
o 1s that of dynamic simulation of 
the ™man-machine operation, reproducing 
Spatial and temporal patterning of 
ll rather than its static appear- 
lateg Adequate programing of simu- 
ation action sequences, controlled _ 
stresg au difficulty, and practice under 
Conditions also are important. 
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5. Multidimensional recording and 
analysis of motion patterns led to the 
concept that motion is made up of basic 
posture, transport, and manipulation 
movement components which vary in- 
dependently but also interact in pat- 
terned behavior. Different components 
show different learning and _ transfer 
functions. 

6. In training complicated machine 
skills, it is not enough to give the trainee 
general information of success or fail- 
ure. Effective knowledge of results en- 
tails information about the nature of the 
trainee’s movements in relation to the 
action of the machine system and per- 
ceptual display. This sensory feedback 
is a normal means of motion integration 
and need not be interpreted as rein- 
forcement. 

7. Inasmuch as delayed sensory feed- 
back is detrimental to performance, ma- 
chine systems which introduce lags be- 
tween the operator’s action and the per- 
ceived effects of that action inevitably 
degrade the proficiency of the operator. 
An example is automated tracking. 

8. Wartime experience demonstrated 
that trainer research should be combined 
with operations research in a compre- 
hensive systems simulation which pro- 
vides a means of analyzing the spatial 
and temporal organization of the task 
and the pattern of sensorimotor control. 

9. Complex simulators have been de- 
veloped since the war for many phases 
of military training. However there are 
few objective data to determine which 
simulation features are necessary and 
which are not. Simulation is most valu- 
able for advanced training, for con- 
solidating skills, and for maintaining 


proficiency. 
10. Special training can be given for 
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emergency procedures only to the extent 
that hazards and emergencies can be 
predicted and can be brought under the 
operator’s control. General stress train- 
ing probably helps the operator to per- 
form more effectively under stress con- 
ditions, although the perturbations 
introduced into feedback control by the 
somatic and autonomic effects of stress 
cannot be eliminated completely. 

11. Perceptual skills such as radar 
observation and control should be recog- 
nized as involving special patterns of 
sensorimotor control. Restricted sensory 
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input and minimal activity requirements 
cause a vigilance problem by reducing 
the operator’s effective feedback and 
thus degrading his control patterns. Per- 
ceptual tasks should be designed to pro- 
vide as much variation as possible in 
perceptual input and activity output. 

12. Technical knowledge self-instruc- 
tion machines, which have been devel- 
oped to teach electronic trouble-shooting 
and other technical information, incor- 
porate wartime training principles and 
have contributed to the development of 
teaching machines. 


CHAPTER 


8 


Contributions 


of Training Science 


The military training experience of the 
War years has contributed to learning 
pasa and general behavior theory in 
yare al ways. A direct result is the reali- 
ives that training design cannot be 
ts fied in terms of general learning 
oe but must be planned carefully 
in ach new training situation accord: 
& to the procedures of task analysis. 
par effect is a renewed interest in 
Sinister a of psychomotor skills and 
oe efforts to develop classificatory 
their ae describe them and to identify 
eaten, lent features. In a third line of 
libs ns military training con- 
leaders significantly to the experimental 
ae ine known as_ cybernetics. The 
cybernetic concept of feedback 
ea oo repercussions on general 
ipa hem Most Se 
ack ake no distinction between leec- 
ack and knowledge of results or feed- 
Sinmun reinforcement, but there is 
‘ister ating research evidence that the 
With . concept is incompatible 
eee experimentally determined char- 
lcs of sensory feedback. Finally, 


wartime innovations in training science 
have left their mark on all sectors of 
applied learning science, both in gen- 
eral education and in specific areas of 
industrial and rehabilitative training. 


TASK ANALYSIS 
AND TRAINING DESIGN 


The design of every new training 
situation depends on a number of spe- 
cific decisions concerning the require- 
ments of this particular situation—de- 
ated to criterion requirements, 
perceptual displays, response categories, 
training media, practice sequencing, and 
so on. Recently there have been a num- 
ber of attempts to systematize the steps 
that should be followed in reaching these 
decisions in order to expedite training 


design for new situations. 


cisions rel 


General Planning Procedures 
Demaree (1961) proposed a set of 
ideas for developing training programs 
for specific military operations and sys- 
tems. The procedure is based on estab- 
lishing training equipment planning in- 
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formation, or TEPI. The essential steps 
of this phase of a training program, 
which are outlined in Figure 8.1, might 
serve as an initial guide to the admin- 
istrative director of a training research 
project. 

In one of a series of papers describing 
the use of task analysis to derive training 
requirements, Seale (1960) made the 
point that specifications for a piece of 
operational equipment tell what the 
parts and components must do, thus 
establishing criterion performance, but 
not necessarily how the operations are 
to be accomplished. Human engineers 
must develop operational procedures 
using relevant data from the engineers 


Figure 8.1. 
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responsible for the equipment, from the 
psychological research literature, and 
from research on the system itself. 

In a second paper in this group, 
Gustafson et al. (1960) said that the 
problem of converting task analysis into 
recommendations on training and train- 
ing equipment is a formidable one, for 
virtually no laws of learning tell which 
combinations of training devices and 
teaching methods should be applied to 
particular problems. Further, the more 
complex the problem, the less appli- 
cable the rules of learning. These authors 
suggested that the following four cate- 
gories of questions should be posed to 
help determine training requirements: 


Initial steps in establishing training equipment planning informa- 


tion (TEPI). (Based on Demaree. Development of training equipment planning 
information. USAF Aeronaut. Sys. Div. tech. Rep. 61-533, 1961.) 


TEPI 


REPORT 


a — 


Which item of training equipment can most economically meet the 
troining requirements within available lead time ond funds limitations? 


aa “ae 


What are the estimated development and utilizations costs for 
each alternative? 


NN 


What alternative types and configurations of training 
equipment warrant consideration? 


What characteristics must the training equipment have to 
effectively serve its intended training functions? 


a 


For which tasks, skills and knowledges will training 
equipment be needed? 


What is the nature of the training 
courses and environment within which 

What is the training equipment to accomplish from a 
training point of view? 


training equipment will be used? 


What tasks is he to perform on the job? What skills 
ond knowledge must he have? 


What are the plans for his training? What proficiency 
is he to have for each task upon completion of training? 
What aptitudes and qualifications must he have for entry 
into training? 
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1. Is close attention required in the 
task? 

2. Are hazards to the equipment in- 
herent in the task? 

3. Is the performance critical in an 
over-all mission or operation? 

4. Is the performance dependent on 

the environment, on teamwork, or on 
other factors? 
Answers to these questions help de- 
termine whether crew training is ad- 
visable, whether simulation of a systems 
type of environment is necessary, and 
whether the job environment is best for 
training. 

Gustafson and Cahill (1960) 
Scribed a generalized process of task 
analysis, diagramed in Figure 8.2, 
a is appropriate for training prob- 
€ms associated with system develop- 
ment. According to them, the main ob- 
Jectives of such an analysis are these: to 
Tecommend the number and types of 
Courses required, to develop training 
eat requirements, to specify ap- 
— training methods such as lec- 
init demonstrations. and so on, and to 

cate methods of assessing student 
achievement. 


de- 


Classifying Task Functions 
- the second level of analysis in 
igure 8.2, the human performance re- 
a uae of an operational system 
ill Pe identified. Gustafson and Ca- 
fratio assified activities into system oP" 
“ion including communication, supe 
Makin, monitorship, aperwork, decision 
tives g, discrimination among —_ 
maint and equipment control; er 
out hari activities, including check- 
ieee ee calibration, rep2? 
vision, and paperwork. From suc 
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a list of tasks must be developed a list 
of skills and knowledge to be trained. 

Parker and Downs (1961) classified 
the basic objectives of military training 
as follows: (a) learning identifications 
(identifying objects or locations by 
name or symbol) ; (b) learning per- 
ceptual discriminations (for example, of 
objects, highways, buildings); (c) un- 
derstanding principles and relationships; 
(d) learning procedural sequences; (e) 
making decisions; and (f) performing 
skilled perceptual-motor acts. 

In a classification similar in some 
ways to this one, Miller (1962) has 
attempted to identify the significant 
functions that characteristic of 
nearly every training task. First is 
the ability to recognize the objects and 
symbols used in the task by appearance 
and name. A second task function is 
scanning, search, and detection of task 
relevant cues. This function is central 
in vigilance and inspection tasks. A third 
function is identifying cue patterns or 
cues that have been de- 


are 


interpreting 
tected. Fourth, 
recall or the temporary retention of in- 
formation needed to complete a par- 
ticular sequence. Fifth, tasks also re- 
uire long-term recall of procedures and 
stimulus-response relationships. Miller’s 
sixth task function is decision making 
and his seventh, motor response. This 
last category Was included to emphasize 
of motor activity 


tasks require short-term 


the special features 
that are involved in some tasks, such as 


the differentiation and coordination of 
body members and muscle groups. 
Demaree (1961) classified training 
functions into four main categories, each 
of which jncludes a number of subordi- 


nate functions. Learning of knowledge 
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INFORMATION DEVELOPMENT PROCESS 


Chronological Sequence 


Rational Sequence 
Followed in Deter- 
mining Requirements 


Training Equipment and 


Training Recommendations 


Followed in Developing 
Information 


for Information 


7N 


to be Trained 


List of Skills and Knowledge 


Performance Obtained 
Through Selection 


Information on Training Criticality 


Performance Obtained 
Through Guidance on Job 


List of all Human 


Performance Requirements 


Information on 


Operational Criticality 


Equipment Performance 
Requirements 


List of All System Performance 


Requirements (excluding TOP SECRET 
Tactical Data) 


Figure 8.2. Suggested procedure for developing training and training equipment 
recommendations for a particular technical system. Data can be collected in terms 
of chronological sequence or in terms of a rational sequence. (Based on Gustaf- 
son and Cahill. The role of task analysis in deriving training and training equip- 
ment requirements for the AN/ULD-1 system. In Uses of task analysis in deriving 
training equipment requirements. USAF Wright Air Dev. Div. Tech. Report No. 


60-593, 1960.) 


comprises meaning of words and sym- 
bols, rules and principles, and_rela- 
tionships. Learning of skills and task 
components involves perceptual identi- 
fication, naming and location, cue-at- 
tention habits, reading of technical ma- 
terials, voice communication, written 
communication, numerical computation, 


practical judgment (decisions in face of 


information which is incomplete for 
prescribed courses of action), work 
planning, motor skills, and manual op- 
erations. Learning whole-task perform- 
ances includes procedural, motor, per- 
ceptual and judgmental, _ tracking, 
complex decision-making, and communi- 
cation. Learning integrated task per- 
formances includes performance of time- 
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shared tasks, and crew performance and 
coordination. 

These classifications of task functions 
Tepresent efforts to develop a definitive 
scheme for describing and identifying 
the significant behavioral features of 
training situations. It can be seen that 
Seneral agreement has not yet been 
reached, although there are some com- 
mon features in the different schemes. 


Selecting Training Media 
The selection of training devices and 
Procedures depends on the nature of the 
task to be trained. Glaser (1962) sug: 
Sested that if we had a completely satis- 
factory method of specifying the dif- 
€rent parts of a task, presumably we 
Would also know the learning features 
characteristic of each part. In that case, 
irs might also know the training design 
t Optimal efficiency for each different 
a of behavior. Although our knowl- 
8€ is not yet that complete, certain 
Seneral rules about the use of training 

Media can be given. 

cording to Parker and Downs 
*1), training media should be se- 
which are appropriate to the task 
he present an environment con- 
ee to learning. To be conducive to 
tephon” the training media plus other 
S of the situation should provide 
Sean general features: trainee 
Shue Opportunity for correct re- 
Rice, guidance toward correct ae: 
€s, reinforcement, and motivation. 
selves, Specifically, training media them- 
should have these characteristics: 
appropriateness to initial per- 
Nee level of the trainee (so that he 
8et some things right initially) ; 
Telation to the training objective; 
*epeated practice of difficult per- 


forma 
will 
(b 
( 


formances; (d) a sample of problems of 
graded difficulty; (e) similarity to op- 
erational tasks; and (f) a measurement 
of training performance. Training media 
were classified as: 

a. simulators, which reproduce 
operational tasks without providing in- 
strumental teaching controls 

b. training devices, such as pro- 
cedures trainers, which permit practice 
of parts of a complete task 

c. training aids, such as charts and 
films 

d. teaching machines, or automated 
training systems 

e. training parts, items of opera- 
tional equipment set aside for training 
purposes. 

Each type then was evaluated in terms of 
how well it meets different training ob- 
jectives. 

Demaree’s (1961) analysis of how to 
develop training equipment planning in- 
formation (TEPI) indicated that each 
item of equipment can be evaluated on 
the basis of ten main characteristics, each 
of which was broken down into a num- 
ber of descriptive subheadings. The 
main characteristics listed by Demaree 
were: equipment representation, task 
coverage, trainee responses, trainee 
orientation, performance aids, informa- 
tion feedback, programing, proficiency 
evaluation, effective use of time, and 
acceptability. Armed with this detailed 
description of equipment characteristics, 
the training director prepares the charts 
for each item of training equipment 
representing in what manner the item 
serves the various behavioral functions 
of training (Demaree’s list of functions 
was given on Pp. 193f). Thus each item 
would be described by ten evaluative 


charts. This type of operational analysis 
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of a learning situation gives some indica- 
tion of the many features that are con- 
sidered significant in training design 
and bears little resemblance to the 
formulations of learning psychology, 
where the principal theoretical argument 
over the past thirty-five years has been 
whether one factor or two factors are 
responsible for learning. 


Predicting Trainability 

An important factor in training design 
is that of individual differences—a 
factor which must be taken into con- 
sideration both in selecting trainees for 
particular jobs and in adjusting train- 
ing procedures to individual abilities. 
The tool of differential psychology is 
the psychometric test, and any psycho- 
metric techniques that prove successful 
in differentiating among individuals and 
in predicting their trainability presum- 
ably should tell us something about the 
significant types of behavior making up 
various tasks. 

The standard psychometric approach 
to training prediction, using stand- 
ardized intelligence, personality, and 
psychomotor tests to indicate the prob- 
able success or failure of trainees, has 
had but limited success. The general 
validity of such forecasting procedures 
usually is so low that the tests can be 
used only for rough group screening 
purposes. It has been found that the 
validity of psychometric training fore- 
casting varies with the type of task and 
particularly with the design of training 
programs. Verbal and general educa- 
tional skills can be predicted with 
greater success than the more specific 
psychomotor skills. Thus if training 
procedures emphasize verbal and other 
general skills more than the actual task 
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does, we may find a discrepancy be- 
tween the validity of forecasts as judged 
by training performance and as judged 
by actual job performance. In general, 
as training design is structured more 
carefully and is made to simulate opera- 
tional design more closely, training be- 
comes more effective, but the predictive 
validity of the tests for trainability is 
decreased. Thus, for complex psycho- 
motor skills, the better the training de- 
sign the more poorly can we predict 
trainability. 

The general limitations of psycho- 
metric prediction in training are not 
surprising when considered in relation 
to typical learning behavior in such 
situations. In some cases, initial learn- 
ing scores for the particular task are no 
more efficient in predicting the final 
level of performance than are the scores 
from psychomotor tests. In other words, 
it is not usually possible to make a re- 
liable prediction of final learning either 
from initial performance of a task or 
from extraneous samples of behavior. In 
the present state of our knowledge, we 
can sample individual differences in skill 
only by measuring performances that 
simulate very closely the skill in which 
we are interested. 


ANALYZING MOTOR SKILLS 


Task analysis and psychometric pre 
diction suffer from one major limita- 
tion—the lack of a generally accepted 
scheme for describing and understand- 
ing the basic components of skilled per- 
formances. Several different approaches 
have been used in attempts to identify 
the significant components. In this sec- 
tion, we shall describe one major effort 
based on psychometric and statistical 


Analyzing Motor Skills 


procedures and shall also present some 
conclusions drawn from observational 
and experimental analyses. 


Factor Analysis of Skills 
More than a decade ago, Fleishman 
ine 2 Fleishman and Hempel. 
fee, gest an extensive military 
cal rch program that attempted to 
i the make-up of skilled per- 
vida ae by using the facts of indi- 
Wawa ifferences. The general strategy 
hadics score the performance of many 
heen uals on a large variety of psy- 
een otor tasks (more than 200 have 
Secon te and then to identify common 
fatten Y the statistical procedures of 
sumed analysis. These factors are as- 
pende to represent relatively inde- 
iia Psychomotor abilities _which 
skill ute in varying degrees to different 

ed performances. 

irmed - = phases of this research con- 
ent am e belief that was by then preva- 
ere j ong training psychologists that 
Benstal a general psychomotor skill or 
tively 7 aera proficiency. The rela- 
Were moe number of factors that 
specif, entified were described in fairly 
Were id prey Some of these factors 
Contro] entified by the following names: 
tion. Precision; multilimb coordina- 
Visual “in ages orientation, found in 
eee involving rapid directional 
tion, _ ation _and movement orienta- 
nn time; speed of arm move- 
tasks. Tate control, found in pursuit 
terity. manual dexterity; finger dex- 
inger arm-hand steadiness; wrist- 
ing > Peed or tapping ability: and aim- 
Q 158) Pee Hempel and Fleishman 
lateg : entified several areas of ability 
Activity © the more gross kinds of motor 
such as athletic skills. The gen 
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eral factors identified were named 
strength, flexibility, energy mobilization 
or “explosive ability,” balance, gross 
body coordination, and endurance. 
Although these early results were en- 
couraging, further studies made little 
additional progress toward the goal of 
establishing a definite list of skill factors. 
Analyses of specific training tasks 
usually revealed that within task factors 
accounted for an important percentage 
of the variance, sometimes a major per- 
centage. For example, in a complex 
tracking performance, no more than 
twenty-five percent of the variance could 
be accounted for by identified ability 
factors. To account for the remainder, 
we either must assume that there are 
important abilities that were not identi- 
fied by Fleishman or that differences in 
performances are related not so much 
to the traits or abilities that the trainees 
bring to the task as to the habits and 
skills acquired during training. 
Fleishman’s studies also revealed that 
the pattern of skill factors making up a 
nges progressively with practice. 
For example, when performance on a 
Discrimination Reaction Time Task was 
zed over a_ practice period, the 
factor in the original trials, 
Spatial Relations, decreased in impor- 
tance from a thirty-six percent contribu- 
tion to variance to an eleven percent 
contribution in later trials. On the other 
hand, two factors—Reaction Time and 
Rate of Arm Movement—which con- 
nothing originally were con- 
jn combination more than 
ent of the variance in the final 
stages of practice. In some cases, the 
factor pattern of a task became less 
complex with practice, especially when 
‘n task factor increased in im- 
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portance. These progressive changes in 
the pattern of skill factors or abilities, 
often involving the emergence of specific 
task factors, indicate why psychometric 
prediction of trainability or job per- 
formance has had such limited success. 


Survey Analysis of Skill 

Fitts (1962) has reported two at- 
tempts to identify the significant factors 
in psychomotor skills by sampling the 
opinions of highly competent and ex- 
perienced observers. One study involved 
an analysis of stenographic reports of 
the statements made by instructors rela- 
tive to 1000 aviation cadets who were 
eliminated from pilot training during 
World War II. The second was a study 
of tape-recorded interviews with forty 
coaches and physical educational in- 
structors at a large university. 

According to Fitts, the pilot in- 
structors and athletic instructors em- 
phasized the same general aspects of 
skilled performances, although the skills 
with which they were concerned were 
very different. First to be emphasized 
were the cognitive aspects of skill learn- 
ing. Instructors believe that an under- 
standing of the task is important early 
in training and use demonstrations, 
movies, lectures, and so forth, to develop 
such an understanding. Later in train- 
ing, such cognitive aspects as strategy, 
judgment, decision making, and_plan- 
ning were important. Secondly, emphasis 
was placed on perceptual aspects of skill 
learning, including identifications and 
discriminations. in particular the use 
of proprioceptive cues to discriminate 
forces and pressures. The third point of 
coordination—that _ is, 
integration and timing of movements in 


emphasis was 


a pattern—and the fourth point was the 
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tension-relaxation continuum, indicating 
that tension becomes less as skill de- 
velops. 

On the basis of these reports and 
other observations, Fitts suggested that 
skill learning probably progresses 
through three roughly differentiated 
phases which he described as cognition, 
fixation, and automation. He recom- 
mended that emphasis be placed on 
cognitive understanding or intellectuali- 
zation in the first phases of training to 
provide the trainee with appropriate 
sets or expectancies and an_ over-all 
knowledge of what the task involves. In 
the second or fixation phase, correct 
patterns of behavior should be fixated 
and errors eliminated by extensive prac- 
tice. Fitts described the third or autono- 
mous phase as being characterized by 
gradually increasing speed of perform- 
ance and gradually increasing resistance 
to stress and to interference. He sug- 
gested that this phase involves a shift 
from exteroceptive to proprioceptive 
control and a shift of neural control 
from higher to lower brain centers. 

A second general principle proposed 
by Fitts is that complex skill learning 
involves the acquisition of a number of 
semi-independent subroutines which can 
go on successively or concurrently. This 
point of view was offered as more ap- 
propriate than models based on specific 
S-R elements. The practical implication 
of this principle is that subroutines 
should be identified in a training task 
so that they can be practiced extensively: 

Third, Fitts observed that skilled per 
formances continue to improve with 
extended training over long periods of 
time. Professional skills and other com- 
plex performances may not reach a peak 
until after years of intensive practice. 
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Learning experiments rarely investigate 
such long-term changes but they are 
highly important in real life. This point 
along with the first emphasizes the im- 
portance of extended practice in a task 
So that performance will continue to im- 
prove and will become autonomous and 
resistant to interference. 


Experimental Analysis of Skill 


Bee sola. behavior start with 
in an assumptions or hypotheses based 
Tust 5 on general observations, and all 
or ip experimental tests sooner 
valid ‘A if they are to be accepted as 
tured a some analyses are struc- 
expetin, ore specifically than others by 
ental findings and emphasize 
Ypotheses that can be tested directly 
of fee mation, Our own analysis 
Which ton into three basic components, 
we described briefly both in 
calegon 3 and in Chapter 7, is in this 
Postirray, Classifying movements into 
Compone transport, and manipulative 
0 lieing was suggested originally by 
eoreti ah and experience, but our 
And _—“ concepts have been extended 
ental ned by many years of experl- 
research. 
mote, renent tridimensional analysis of 
the last oe Proposed not necessarily as 
Scheme — in skill taxonomy but oy 
and re a has proved poor 
oreticgl and which has generate 
Banizatj al concepts about behavior oF 
€ test 2. as well as hypotheses that can 
that es SR Sia sei We have found 
© des Kinds of patterned motions can 
the cribed meaningfully in terms of 
Ponents. 5 primary movement com 
ther aa and that the scheme has certain 
Vantages as well. 
mile major advantage of our tri- 
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dimensional analysis of motion, which 
to us is of greatest importance, is that it 
can be related directly to the over-all or- 
ganization of the sensori-neuromotor 
system. It is known that posture, locomo- 
tion and other transport movements are 
regulated by neural structures lower in 
the brain than those which control fine 
manipulative movements. Posture is con- 
trolled by centers of the medulla, the 
cerebellum, and the midbrain, whereas 
locomotion and other large transport 
movements undoubtedly are controlled 
by bilaterally differentiated centers in 
the new cerebellum as well as higher 
centers. In contrast, fine manipulative 
movements are mediated by specialized 
centers in the cortex. Thus, it appears to 
be possible to establish a structural basis 
for the functional differentiation of 
motion into basic components. 

In addition to postulating that the 
three types of movements are controlled 
by separate brain centers, we assume 
that each type is organized relative to 
sources of sensory informa- 
neral terms, we say that the 
movements of posture are regulated ac- 
cording to the position of the body 
with respect to gravity. Transport move- 


characteristically propel body 
e space or a fluid 


specialized 
tion. In ge’ 


ments 
members through fre 
medium; and a main source of their 


control lies within the body itself, in 
the bilaterally differentiated mechanisms 
that regulate movements of the right and 
left limbs with respect to each other. For 
under ordinary circumstances 


example, 
ments of the 


the large transport move 
g are patterned intrinsi- 


legs in walkin, 
rally organized feedback 


cally by bilate’ 
loops. Whereas transport movements are 


executed in free space, we say that 
manipulative movements typically are 
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regulated by the contours, surfaces, and 
other object characteristics of hard 
space. Thus, the manipulative component 
is organized for the most part according 
to patterns of exteroceptive stimulation. 
The articulatory movements of speech 
represent a specialized kind of manipula- 
tion. These movements too can be 
thought of as patterned according to 
the spatial characteristics and surfaces 
of the throat, mouth, tongue, teeth, and 
lips. 

Experimental analyses have revealed 
that the different movement components 
have specialized properties and are in- 
dependently variable in performance and 
learning. We attribute their specializa- 
tion and relative independence to their 
differential regulation by distinctive 
neural mechanisms. On the other hand, 
a primary characteristic of patterned 
motion is that the different components 
are integrated precisely with reference 
to each other. They are never completely 
independent but are defined in part by 
the nature of the over-all pattern and the 
components of which it is composed. 
Thus, we assume that there are spe- 
cialized centers in the brain that inte- 
grate postural and transport movements 
and transport and manipulative move- 
ments. A major part of training is im- 
proving the precision and efficiency of 
these integrations. 

A second advantage of our tridimen- 
sional analysis is that it can be related 
closely to the progressive differentiation 
of behavior in phylogeny and ontogeny. 
Gross postural adjustments are of major 
importance in the behavior organization 
of the lowest vertebrates, but transport 
movements assume an increasing im- 
portance with the differentiation of 
limbs. The significance of fine manipula- 
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tion in the behavior organization of man 
is widely recognized. These progressive 
phylogenetic changes in behavior pat- 
terning reflect progressive anatomical 
developments of the neural structures 
that regulate the different types of move- 
ments. 

Of greater importance in the under- 
standing of human learning, however, 
are the progressive changes in the be- 
havior patterning of children during the 
first years of life. Here we see the pro- 
gressive development of postural con- 
trol, transport movement control, and 
finally manipulative control. A more de- 
tailed discussion of our interpretation 
of the development of behavior in hu- 
man individuals will be given in the 
final chapter of the book. 

A third advantage of our classification 
of movement components is that they 
lend themselves readily to experimental 
analysis and measurement. In many 
skills, transport and manipulative move- 
ments occur consecutively and thus can 
be timed separately with appropriate 
recording devices. Most of our dimen- 
sional analyses of motion were carried 
out by means of electronic motion an- 
alyzers, such as the one diagramed in 
Figure 8.3, which time different trans- 
port and manipulative movements sepa 
rately. These analyzers are designed to 
take advantage of the fact that manipula- 
tive movements bring the individual into 
contact with objects whereas transport 
movements typically break that contact. 
Each time the subject makes manipula- 
tive contact in an experimental task, 4 
relay in the analyzer generates a sub- 
threshold electric current which passes 
through the manipulated task objects; 
the subject’s body, and an electrode held 
by the subject or attached to him. The 
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relay also closes a circuit which operates 
a precision time clock. When the subject 
breaks manipulative contact in order 
6 transport his hand to the next manipu- 
lative position, a flip-flop circuit activates 
a second relay which starts a second 
Pie These two clocks summate the 
urations of successive contact and 
transport movements until the end of the 
task. With this general technique we 
have been able to analyze the differential 
bi of many variables on transport 
A ee components. ; 

ee: ourth advantage of our motion 
ja scheme is that it provides a 
Sia ingful framework within which to 
te the spatial patterning of motion. 
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providing a vertically oriented or up- 
down reference system for patterned 
motion. The bilaterally organized trans- 
port mechanisms provide a horizontally 
oriented or right-left reference system. 
The orientation and directional char- 
acteristics of all movements can be de- 
scribed and analyzed with reference to 
these built-in axial systems. Our experi- 
ments on spatially displaced feedback, 
which will be described in later chap- 
ters. have been designed to analyze and 
compare displacements in the two sys- 
tematic dimensions that are represented 
in the motion systems of the body as well 
as displacements in nonsystematic di- 
mensions. In general, an individual can 
adapt to systematic visual displacements 
—that is, inversions or reversals of 
visual feedback—more readily than to 
extreme displacements in nonsystematic 
dimensions. Visual inversions, which 
disturb the most primitive motion sys- 
tems—the postural up-down reference 
system—are more disturbing than visual 
reversals, which presumably are refer- 
enced by the bilateral transport move- 
ment system. Minor angular displace- 
ments of feedback usually cause no 
obvious disturbance of performance, but 
the extent of the displacement that can 
be tolerated depends on the complexity 
of the task and the movements involved. 

Skilled motions vary in significant 


ways other than their component 
make-up. Some of the characteristics of 
stimulus-response-feedback sequences 


which can be specified quantitatively 
have been identified by Fitts (1962) as 
coherence, continuity, frequency, and 


complexity. We wish to call particular 


attention to the continuity factor, which 


Fitts described as a function of the 
duration of sequences of changing 
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events, and the occurrence of pauses be- 
tween sequences. Motion sequences at 
the extreme of this continuum are classi- 
fied as continuous and discrete. Tasks 
like tracking or steering are continuous 
because they involve continuous feed- 
back control with respect to a stimulus 
pattern. A discrete task involves one or 
a series of relatively isolated movements 
such as throwing a ball or typing. 

Dodge’s (1903) distinction between 
pursuit and saccadic eye movements and 
Stetson and McDill’s (1923), between 
tense and ballistic movements recognize 
this difference in continuity. A tense or 
pursuit movement is controlled through- 
out its course by opposing muscle 
groups, whereas a ballistic or saccadic 
movement is controlled by the effective 
muscles only at its onset. Its direction, 
extent, and duration then can be modi- 
fied by external surfaces or objects or 
by an arresting movement of the indi- 
vidual. In reality, most movements lie 
somewhere in between the two extremes, 
and a complex motion pattern typically 
involves both continuous and discrete 
movements. For example, a tracker im- 
poses discrete positioning movements on 
his continuous rate-control movements, 
and a typist, whose task appears to be a 
series of discrete striking movements, 
supports the performance with a con- 
tinuously controlled postural _ back- 
ground. 

Much of the behavior studied in con- 
ventional learning laboratories consists 
principally of discrete responses, such 
as specific conditioned responses to uni- 
tary stimuli, a series of bar-pressings, 
or serial verbal responses. The theories 
which describe behavior in terms of 
specific S-R elements can handle discrete 
responses reasonably well, but many 
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training psychologists have found it im- 
possible to conceptualize continuous 
skilled performances in conventional S-R 
terms. On the other hand, a feedback 
model of behavior which recognizes the 
multidimensionality of motion as well 
as emphasizing continuity of control can 
incorporate both discrete and continu- 
ous responses into its conceptual frame- 
work. 


THE INDIVIDUAL 
AS A CONTROL SYSTEM 


In our opinion, the most important 
conceptual development of postwar train- 
ing science is the incorporation of the 
feedback idea into behavior theory. Al- 
though the feedback principle was recog- 
nized by training psychologists during 
the war years, its introduction as 4 
formal behavioral concept usually is 
attributed to Wiener (1948), who pub- 
lished the first account of the discipline 
known as Cybernetics. 

Cybernetics has been described as the 
comparative study of the human (or 
biological) control and 
electro-mechanical control systems such * 
as computers. Wiener and other engi- 
and mathematicians were im- 
pressed with certain apparent similari- 
ties in living and_nonliving control 
operations and developed the cybernetic 
idea as a formal analogy relating the 
two kinds of systems. Their hope was 
that such comparative study would pro- 
vide new insights into the mechanisms 


mechanism 


neers 


of behavior. 


The Cybernetic Analogy 

The term cybernetics was derived 
from the Greek word, Kybernetes, mean- 
ing “‘steersman” and thus calls attention 
to the principle of feedback control. In 
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Seneral, the term feedback is used to 
describe a kind of reciprocal interaction 
between two or more eyents, in which 
one activity generates a secondary action 
which in turn redirects the primary 
action, Early mechanisms using the prin- 
me of feedback control were Watt’s 
ing governor on a steam engine and 
A temperature systems. 
edule by orld War II, the feedback prin- 
fs been identified especially with 
dace systems known as servomech- 
em. such as are used to guide a ship 
of nsight on a defined path in terms 
recorded error signal. 

e seine system incorpo- 
Biitua Tee primary functions: it gen- 
2 tee ie of the system toward 
eee or in a defined path; it com- 
thine tees of this action with the 
Utilizes thy and detects error; and it 
Stan a. error signal to redirect the 
eralized igure 8.4 illustrates three gen- 
these components which carry tout 
unetions—an action mechanism, 


Figure 8.4. Three functions of a fe 


ment toward a target or path, comp: 
Path, and redirection of the system i 


Feedback 


arison of this action 
n terms of the error signal. 
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a feedback detection system, and a di- 
rector or computer which translates the 
feedback signal into corrective action. 
Feedback control by means of servo- 
mechanisms is used in a wide variety 
of operations—to control temperature, 
to regulate speed of movement, to guide 
the action of cutting machines around a 
set pattern, to direct radar antennae, to 
sight guns, and so on. In the cybernetic 
analogy, the behaving individual is 
looked on as a control system which, like 
a servomechanism, generates a course of 
action and then redirects or corrects that 
action by means of feedback informa- 
tion. Other features of the cybernetic 
analogy as proposed by Wiener will be 
discussed in a later chapter. 


Differentiation 
of the Feedback Concept 

The feedback principle has found 
widespread acceptance among psycholo- 
gists, partly because of its resemblance 
to the familiar knowledge of results 


edback-control system: generation of move- 


and the true position of the 
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principle of learning efficiency. Many 
psychologists use the terms feedback and 
knowledge of results interchangeably, 
and since knowledge of results usually 
is thought to function as reward as well 
as information, many theorists have 
appropriated feedback as a form of re- 
inforcement. Thus, in this cybernetic 
analogy of the human control system, 
the feedback signal may be interpreted 
as having reinforcing properties. Pre- 
sumably this means that the smaller the 
magnitude of the error, the greater the 
reinforcement value of the signal. In 
other words, the response that minimizes 
error presumably is strengthened or 
learned. This type of interpretation is so 
widespread that feedback is indexed in 
the Psychological Abstracts as, “Feed- 
back (See also Knowledge of results, 
Reinforcement) .” 

Although many training psychologists 
have tried to distinguish between dif- 
ferent functions or roles of feedback, 
they have not tried to divorce the feed- 
back concept from knowledge of results 
or from reinforcement. It is our purpose 
here to show that clear distinctions are 
possible and necessary. We shall use 
Ammons’ (1956) review of the re- 
search literature on knowledge of per- 
formance as a starting point for analyz- 
ing some of the differences between 
dynamic sensory feedback and other 
kinds of knowledge of accuracy. 

The experiments reviewed by Ammons 
all were concerned with the general 
problem of determining the effects of 
giving or withholding various kinds of 
information about performance during 
or for varying amounts of time after 
performance. The first experiment de- 
signed specifically to study this problem 
was carried out by Judd (1905-1906) 
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who asked his subject to make estima- 
tions of direction behind a screen which 
prevented visual knowledge of results. 
Other experiments have studied a wide 
variety of performances including two- 
hand coordination, lever positioning, 
knob turning, ball tossing, tracking, 
ranging, aiming guns, maze learning, 
code learning, estimating lengths or 
drawing lines of given lengths, writing, 
and school test performances. The re- 
sults show generally that giving knowl- 
edge of results leads to more proficient 
performance and more effective learning 
than withholding or reducing knowl- 
edge, and that immediate knowledge is 
more effective than delayed knowledge. 
However, an analysis of the various re- 
sults suggests many qualifying con- 
clusions. 

Providing knowledge of results does 
not automatically enhance the efficiency 
of performance and learning. The effects 
depend on the kind of task and the kind 
of knowledge provided. Ammons made 
the point that performers usually have 
hypotheses about what they are to do 
or about the workings of the apparatus 
so that when they are given inadequate 
knowledge of results, their performance 
depends partly on their preconceive 
ideas. In a complicated machine skill, 
extraneous stimuli may be interpreted 
by a performer as relevant cues to 
which he should attend. In such a situa 
tion, limited knowledge of success or 
failure does not provide the performer 
with enough information to discard his 
false hypotheses in favor of correct ones- 

Another point made by Ammons was 
that a performer often needs informa- 
tion about the direction and amount of 
his error in order to improve perform- 
ance. He proposed the following ge" 
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eralization: “The more specific the 
knowledge of performance, the more 
tapid the improvement and the higher 
the level of performance.” However, hie 
observed that there is an optimum 
Specificity of knowledge beyond which 
additional knowledge will not improve 
performance or may even lead to its 
deterioration. Ammons’ interpretation of 
this effect is that providing a complex 
display or complicated information may 
ae confusing to the performer. We 
to this the comment that a per- 
sap may not be able to incorporate 
complicated information into his 
ada of control, and that his perform- 
fear ne deteriorate if, in trying to 
differ © too many cues, he does not 
entiate the critical pattern. 
Another generalization proposed by 
6 is that there is always some 
to th i of his performance available 
of i et performer. If knowledge 
as Curacy is withheld, a performer still 
enn) feedback from his own 
tite Although this feedback in- 
to rea “ne may not permit the performer 
ards a correctly according to the stand- 
a mea, the experimenter, it does provide 
terms at of setting intrinsic standards in 
or on which improvement can occur. 
Taw ample, subjects who are asked to 
ae of a given length with no 
ally be Jon about their accuracy ae 
length come more consistent 1” the 
n S they draw although they may 
by the Gecucing th length nate 
M™prove ctions. They show learn g 
Vinsic ment when judged by their in- 
ent = although no improve- 
rime ae when judged by the ex- 
nter’s standard. 
of these observations about dif- 
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suggest that one can make a valid dis- 
tinction between the dynamic informa- 
tion provided by sensory feedback and 
static knowledge of success or failure 
given at the end of the task. Some tasks 
are arranged so that the dynamic feed- 
back itself provides an indication of 
accuracy, whereas jn other tasks, no 
dynamic feedback error signal is given. 
As a simple example, a performer who 
is asked to draw a line to match a 
sample line has a dynamic visual indica- 
tion of accuracy, whereas a performer 
asked to draw a line “six inches long” 
has no dynamic error feedback although 
he may be given a verbal report of his 
accuracy at the end of his performance. 

The general rule in training design is 
that dynamic feedback of performance is 
more effective than static knowledge of 
results at the end of a task or of a mo- 
tion sequence. In complicated tasks, if 
the feedback available to the operator 
ate, it sometimes can be aug- 
mented by specially devised visual or 
auditory signals which are tied in 
directly to the control operations. For 
example, it has been shown that trainees 
learned to use the B-29 gun-sight more 
effectively if the simulated target plane 
ed when they were on target. 
his augmented feedback was 
to improve ranging 
scores; presumably because the feedback 
available originally did not give suffi- 
information about ranging ac- 
curacy or it was difficult to discriminate. 
However, the original feedback was ade- 
quate for efficient tracking performance, 
so that tracking scores did not improve 
when the red filter was added. 

The distinction between dynamic feed- 
back and static knowledge of results be- 
5 crucial when one attempts to 


is inadequ 


appeared r 
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necessary only 
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study the efforts of introducing delay be- 
fore providing the information. Ammons 
(1956) proposed the general rule that: 
“The longer the delay in giving knowl- 
edge of performance, the less effect the 
given information has.” He then re- 
viewed studies that tend to show a 
gradual drop in human learning effi- 
ciency when knowledge of accuracy is 
withheld for periods up to a quarter 
minute or so. Although Ammons’ con- 
cluded that, “the learner may not be 
able to use information given more than 
fifteen or twenty seconds after the re- 
sponse,” Bilodeau and Bilodeau (1961) 
question this interpretation and insist 
instead that the learning of relatively 
simple responses is not affected ma- 
terially by delaying the knowledge of 
results if the periods between responses 
are free of interpolated responses. 

This ambiguous situation with respect 
to delayed static knowledge of results 
contrasts markedly with the situation 
with respect to delayed dynamic feed- 
back. As we indicated in Chapter 7, de- 
laying the dynamic sensory feedback of 
performance by even a small fraction of 
a second seriously disrupts the patterning 
of motion and degrades its accuracy. 
This effect has been demonstrated many 
times by experimentally delaying the 
auditory feedback of speech and other 
sound-producing motions and has been 
substantiated by a more limited num- 
ber of studies of delayed visual feedback 
(K. U. Smith, 1962). The marked dis- 
turbances caused by feedback delays of 
a few milliseconds are clearly different 
from the impairment that may or may 
not result when static knowledge of per- 
formance is delayed by some seconds. 
The difference indicates that we are 
dealing with two different classes of 
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phenomena which should not be con- 
fused by lumping together feedback and 
knowledge of results in a single category. 
Another attempt to differentiate be- 
tween different kinds of knowledge of 
results contrasts action feedback with 
learning feedback (Annett and Kay, 
1957). a distinction made in an ex- 
periment reported by Annett (1959). 
The task was to press a plunger to a 
specified pressure under several con- 
ditions of feedback or knowledge of 
results. All subjects were told that they 
were supposed to learn the feel of the 
plunger at the specified pressure condi- 
tion. Two conditions of visual feedback 
were provided—one in which the per- 
former could watch the indicator of a 
cathode-ray oscilloscope which informed 
him precisely how much pressure he was 
exerting, and another in which the 
oscilloscope was screened but a signal 
light came on when the indicator was 
within one degree of the target. In a 
third condition, no visual feedback was 
given but the experimenter reported the 
scale reading at the end of the subject’s 
push. In the fourth condition, the oscillo- 
scope was uncovered at the end of the 
push so that the subject could see the 
pressure achieved and could correct it. 
Several specific results were noted. 
Both conditions of immediate visual 
feedback produced very accurate pet 
formances in which the subjects hit the 
target every time. However. removing 
this visual feedback during a test period 
caused a marked drop in accuracy: 
Obviously the visual group had not 
learned the correct feel of the plunge* 
during their training trials. In contrast, 
the terminal knowledge group performe 
poorly at first but improved gradually 
during training. Annett suggested that 
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the visual group was getting action feed- 
back that did not produce learning but 
that terminal knowledge provided learn- 
ing feedback to produce the desired im- 
provement. 
fice a opinion, this distinction has 
sie ‘oO recommend it. The two groups 
feedb a only receiving two kinds of 
es ack or knowledge, but they also 
tiie iene: two different tasks— 
=e he monitored task and one a 
tee monitored task. In- 
feel aan the visual group to learn the 
thats é not enough to cause a shift in 
el erp control pattern to the 
almost ceptive cues. In a way, this was 
viduals aS unrealistic as telling indi- 
aes: with normal eyesight to learn 
ae a that is, to learn to avoid 
suhven as the blind do by a kind of 
does “oe system. An individual just 
of Sart, establish this specialized type 
to do a control unless he is forced 
visual ¢ y the loss of his more efficient 
Eine mechanisms. : In Annett’s 
ar mbit the proprioceptive task was 
ee te a difficult than the visual because 
thn jects had no intrinsic means of 
The ae precise differential response. 
at t ora knowledge of accuracy given 
earnin ne of each trial promoted slow 
Subjects — by enabling the 
Yom co) establish intrinsic standards 
®Ponses, Hn which to monitor their re- 
Provided owever, the subjects who were 
little or dynamic visual feedback made 
i no headway in establishing such 
standards, 
t ei really demonstrated was 
acts, a feedback did not teach these 
that le Proprioceptive control—a result 
sign, "mse implications for training 
Plieg ii apetial perceptual guidance sup- 
‘ng training, such as augmented 
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feedback, sometimes helps training per- 
formance but does not help the trainee 
learn the type of control that will be 
needed in the actual task. For example, 
auditory clicks added during a difficult 
tracking or ranging task to indicate 
when the trainee is on target improve 
training scores, but performance some- 
times deteriorates when the clicks are 
withdrawn. Such deterioration is only 
to be expected if the task situation does 
not supply a feedback pattern sufficiently 
precise and complete enough to structure 
a good performance. However, if an 
adequate feedback pattern is available 
both during training and during task 
performance, the addition of augmented 
feedback cues may on occasion enhance 
the learning process by enabling the 
trainee to differentiate critical cues that 
will be present during performance as 
well as during training. An experiment 
illustrating the differential effectiveness 
of auditory clicks when used with a 
good visual display and a poor one has 
been reported by Kinkade (1963). 

The thing that seems to have been 
overlooked in making the action feed- 
back-learning feedback distinction is 
that the same kind of dynamic sensory 
feedback that is used to control action 
also serves to define learning when im- 
provement does occur. Pushing the pres- 
e stick in Annett’s experiment was 


sur 
monitored 


such a simple task when 
visually that no obvious learning oc- 
the subjects were able to per- 


curred: 
from the first trial. More 


form correctly 
difficult. visual tasks do show improve- 


ment with practice, and this learning is 
more efficient with dynamic feedback 
than with static terminal knowledge. We 
have tested this generalization experi- 
mentally a number of times with con- 
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firming results (for example, see “Dy- 
namic versus Static Feedback” in Chap- 
ter 15). 

Although we think it important to 
distinguish between dynamic sensory 
feedback and static knowledge of results, 
we also recognize valid similarities be- 
tween the two types of knowledge. Either 
can serve to inform the individual about 
the accuracy of his movements. When 
a particular response provides no in- 
trinsic feedback error signal, it often is 
critically important to give knowledge 
of accuracy in the form of an extrinsic 
signal at the end of the response. Verbal 
and symbolic learning often must be 
guided or defined in terms of static ex- 
trinsic knowledge until the individual 
has established intrinsic standards by 
means of which to monitor the learned 
responses. As the individual’s body of 
symbolic knowledge grows and becomes 
better organized, he is able to monitor 
more and more of his own symbolic re- 
sponses in terms of his intrinsic stand- 
ards of accuracy, logic, and consistency. 
Thus, an extrinsic signal (such as, 
“That’s right!” or “Correct!”) may 
serve only to confirm a response that 
already has been monitored intrinsically. 
For example, an individual who is asked 
how many months Franklin D. Roosevelt 
served as president can give the answer 
with assurance, although it never has 
been learned specifically, if he knows 
that F.D.R. was inaugurated in March, 
1933 and died in April, 1945. In such a 
case, extrinsically given knowledge of 
accuracy serves only to confirm the in- 
trinsic feedback processes. 

Inasmuch as the term feedback is used 
widely to refer to all kinds of knowl- 
edge of results, we see no reason not to 
conform to the practice, even though 
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there is some possibility of confusion. In 
general, we shall speak of the immediate 
sensory processes resulting from re- 
sponses as dynamic sensory feedback 
and terminal knowledge of results as 
knowledge feedback. It should be noted 
that some types of performance, such as 
tool using, produce several kinds of feed- 
back effects, some of which are not 
easily classified in terms of the dynamic 
feedback-knowledge feedback categories. 
However, all feedback effects have this 
important characteristic in common— 
they are related systematically to the 
reference response. In this sense, feed- 
back differs from reinforcement, which 
need bear no relationship to the response 
it reinforces. Rather, a reinforcement is 
related to the drive which it reduces oF 
the motive which it satisfies. 


CYBERNETIC CONTROL VERSUS 
REINFORCEMENT CONTROL 


The various attempts to distinguish 
between action feedback and learning 
feedback exemplify the stranglehold 
that reinforcement learning theory has 
gained over psychological thinking. AL- 
most all psychologists accept the propos! 
tion that reinforcement is central to 
learning. Thus any effect that can be 
shown to enhance learning is assumed 
without question to be a form of rein- 
forcement. The upshot is that the ad- 
vances in military training science that 
promised so much for a theoretical 
understanding of human behavior have 
been largely nullified by the dependence 
of training psychologists on the safe and 
familiar learning models. 

Almost any general discussion of 
training provides evidence of the con- 
fused thinking that prevails about the 
nature of sensory feedback with relation 
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to the nature of reinforcement. Wolfle’s 
(1951) chapter on “Training” in the 
Handbook of Experimental Psychology 
Proposed as the first important training 
Principle the necessity for specific and 
immediate knowledge of results. Then, 
‘ evidence, he cited indiscriminately 
a from a rat study of delayed rein- 
ement and data from human studies 
nae of results. The implication 
ed a at food reward in a rat experiment 
in te kind of knowledge of accuracy 
bike rn training serve identical func- 
and od recent book on training research 
Gar tee written by acknowledged 
fone Specialists shows no progress 1n 
hee ntiating among these concepts. 
et ee (1962) cited as a 
Sn Bas principle, “Immediate Feedback 
“the Parca and spoke later of 
feedba ann of reinforcement, or 
fs differ : without making any attempt 
init font between the two concepts. 
f wie Si ard (1964) chapter on 
sychol ills” in the Annual Review of 
stimali a indicated that feedback 
reinfores, hich enhance learning serve “a 
aine ties function.” Although Lums- 
Teinfore 62a) noted that, “the role of 
entang] bp . . . has seldom been dis- 
Ponse f from other functions of Te: 
of eedback,” he made no mention 
© specialized concept of dynamic 

Ty feedback. 
wa opinion, this confusion of the 
ieee demonstrated processes 
the Ie ory-feedback control with what 
has arning theorists call reinforcement 
Scie . a stultifying effect on training 
vio. as well as on other areas of be- 
the = theory, It is impossible to clarify 
ivion vine of cybernetic control of be- 
the la in terms of fuzzy concepts about 
of effect, rewards and punish- 
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ments, or reinforcement. Real and im- 
portant distinctions can be made be- 
tween cybernetic control and the type of 
control that is achieved experimentally 
by manipulating extrinsic rewards, and 
fundamental differences exist between 
dynamic sensory-feedback stimuli and 
reinforcers. It is high time that psycholo- 
gists started clarifying these differences 
instead of continuing to obscure them. 
The most important features that dis- 
tinguish sensory-feedback control proc- 
esses from reinforcement contingencies 
are discussed in the following sections of 


this chapter. 


Objective Definition 

One of the most obvious differences 
between the concepts of sensory feed- 
back and reinforcement lies in the ob- 
jectivity and precision with which they 
can be defined. Sensory feedback can be 
specified quantitatively and qualitatively 
in a number of ways. We recognize not 
only the different sensory modes of feed- 
back—visual, auditory, tactual, and kin- 
esthetic—but also the different spatial, 
temporal, and kinetic variations in feed- 
back patterns. Many studies provide evi- 
dence that both the nature of perform- 
ance and the course of learning are de- 
fined by measurable variations in the 
physical properties of feedback patterns 
jn relation to the response patterns of 
the individual. 

In contrast, the definition of reinforce- 


t has become—if anything—some- 


men 
years. Thorn- 


what less precise over the 
dike’s original law of effect seemed to 
bear some relationship to rewards and 
punishments, but even that broad mean- 
d untenable. In contemporary 


jng prove 
wet the only defini- 


psychological literature, 
tions of reinforcement are tautological, 
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for they are based on the very process 
that they are supposed to explain. That 
is, reinforcement can be defined only as 
an event or a condition which strength- 
ens a response or increases the likeli- 
hood that it will reoccur. Thus, it is 
impossible to specify the nature of rein- 
forcement except in the context of an 
empirical demonstration that something 
has influenced the statistical probability 
that a given stimulus will produce a 
given response. 

Although many parameters of feed- 
back control can be studied experi- 
mentally, experimental manipulations of 
reinforcements are limited to changes in 
timing of discrete rewards in relation to 
discrete responses or changes in the 
number of rewards given in relation to 
the number of reinforcements. Inasmuch 
as a reinforcement can he anything that 
an experimenter finds effective, no cross- 
comparisons can be made except in 
terms of these temporal and serial rela- 
tionships of discrete events. 


Generality of Meaning 

Whereas reinforcements are extrinsic 
effects that have theoretical meaning 
only in relation to learning change, sen- 
sory-feedback processes are intrinsic or- 
ganizing processes that serve to regulate 
behavior at all times throughout life. 
Standard learning theory has ignored 
the organization of behavior prior to 
learning and has confined its analyses to 
specific learning changes. In contrast. 
sensory-feedback theory is interested in 
behavior organization under all circum- 
stances and in relation to any kind of 
change, temporary or permanent. Thus, 
learning is not considered the primary 
organizational principle of behavior but 
only one of the ways in which behavior 
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patterns can be modified. Other impor- 
tant irreversible changes in behavior 
patterning occur in development as a re- 
sult of maturation, in aging, and in rela- 
tion to physical or psychological dis- 
orders. Specialized changes which may 
be called learning occur in thinking or 
problem solving. All of these changes 
as well as temporary changes, such as 
those due to motivational-emotional 
state, fatigue, adaptation, and drugs, 
can be analyzed in terms of changes in 
the patterning of feedback control. In 
the reinforcement learning 
model can deal with only a very limited 
kind of behavior change. 

The most general implication of these 
ideas is to diminish the importance of 
learning theory in relation to other areas 
of behavior science. In time, the theory 
and study of learning may properly as- 
sume a role subordinate to a more gen 
eral theoretical understanding of the ot 
ganization and control of behavior. 


contrast. 


Specification of Stimulus-Response 
Interactions 

Although learning psychologists have 
been using the concepts of stimulus, © 
response, and of the reflex for the best 
part of a century, they never have stud- 
ied or defined the intrinsic interactions 
involved in behavior sequences. Their 
analyses have been concerned only with 
gross extrinsic relationships in which 
stimulus, response, and reinforcement 
events have been described in only the 
most general terms. Cybernetic analyses 
of feedback control provide a means ° 
specifying in quantitative terms the 
events of stimulus-response interaction, 
and of clarifying the nature of the 1n- 
tegrative action of the nervous system 
in performance and learning. 
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; Inasmuch as most psychologists con- 
sider the basic phenomena of reflex ac- 
tion and neural integration to be within 
the realm of physiology, they have ac- 
cepted physiological interpretations such 
as inline synaptic transmission, integra- 
tion, and inhibition as valid and have 
hoped that further physiological clarifi- 
i of behavior organization and 
earning would be forthcoming. In our 
opinion, the analytic methods of many 
ee investigations have 
on = = = basic feedback organiza- 
Cree behavior. Separate analyses of 
has and motor events have 
Bee — the over-all features of 
tals tor control. It is the task of 
fatten “i itself as the science of be- 
oot wa : arify the nature of reflex ac- 
wee he integrative features of sen- 
y-feedback control. 


manent of Response 
fiadie tee of sensory-feedback control 
pendent : organized behavior is de- 
activity b nthe intrinsic generation: of 
Supplies 2 ae of which the organism 
Patterns oa with differential feedback 
ing that i has been accumulat- 
Self-geney uailtin mechanisms for such 
in fact ation of control feedback do, 
> exist. Riges et al. (1953) first 


demo 
nstrated th anid flick move- 
Ments of th at the rapid flick move 


adaptin 
Visu 


e eyes prevent them from 
al i ta to the pattern of 
Movements act Reciprocal tremor 
Necessary ‘ the head are known to be 
Honal aus or discriminating the direc- 
Cegree of pene of sound, and some 
Change ig ody movement oF stimulus 
and vitethes to keep cutaneous 
nen etic receptors from adapting- 
eedback a about a self-governing 
ystem which continuously gen 


211 


erates its own feedback signals do not 
fit the homeostatic or drive-reduction 
assumptions of conventional learning 
theories. The organism usually is con- 
ceptualized as a system whose optimal 
state is one of equilibrium. When acti- 
vated by a drive state, it responds until 
the drive is reduced by appropriate re- 
inforcers and thus regains equilibrium. 
‘As an alternative to this idea of homeo- 
static regulation, we suggest that the or- 
ganism might better be described as 
homeokinetic—that is, as a system whose 
optimal state is one of feedback-generat- 


ing activity. 


Spatial Organization of Response 
The spatial organization of behavior 
is a feature that is fundamental to the 
theory of feedback control but cannot 
be conceptualized by the reinforcement 
learning model. The directional guidance 
and control provided by differential 
feedback signals is most obvious in spa- 
tially organized skills, but we believe 
that all organized behavior involves re- 
sponses to spatial differences in stimula- 
tion. Inasmuch as controlling feedback 
stimuli are produced by movements, 
they always bear some definite relation- 
ship to the position of the organism and 
its movements. Thus. responses to the 
spatial patterns of the environment are 
guided within the reference framework 
provided by the motion systems of the 
body. Research on displaced visual feed- 
back is designed to investigate the spa- 
tial characteristics of behavior control 
and to determine the individual's ability 
to adapt to unusual spatial relationships 
between motion and its feedback pattern. 
Concepts of spati 


control can be applie 
the multidimensional 


al patterning and 
d meaningfully to 
interpretation of 
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behavior. The various components of a 
complex motion pattern are integrated 
precisely by feedback processes defined 
by the spatial relationships of the com- 
ponents. That is, we believe that move- 
ments are tied together in precisely in- 
tegrated motion patterns by intercon- 
necting feedback loops that detect spatial 
relationships among the components. 

Conventional learning theories always 
have conceptualized behavior and learn- 
ing in terms of temporally linked stim- 
uli and responses. A time-coded model 
is inappropriate for describing contin- 
uously controlled behavior and multi- 
dimensional behavior. Consequently, 
learning theorists have confined their ex- 
perimental attention almost entirely to 
series of discrete responses. Occasional 
attempts to interpret complex human 
skills (for example, verbal behavior 
[Skinner, 1957]) in terms of the time- 
coded models have added nothing to our 
understanding of how these skills are 
organized and controlled. 


Delay Functions 


The distinction we made above be- 
tween the effects of delayed sensory 
feedback and delayed static knowledge 
of results applies as well to feedback 
and reinforcement. In animal studies, re- 
inforcement gradually loses its effective- 
ness if it is not presented immediately 
after the critical response. Quantitative 
measures of declining response strength 
in rats as a function of reinforcement 
delay showed a rapid drop during the 
first minute and a subsequent slow de- 
cline throughout delay periods that 
lasted up to twenty minutes (Wolfe, 
1934). These data indicated that an 
extrinsic reward following a response is 
most effective if presented immediately 
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but retains some effectiveness even when 
presented minutes afterwards. In con- 
trast, if we break into the feedback 
control loop of a behaving individual 
and delay the feedback signals, even for 
a small fraction of a second, behavior is 
seriously disrupted. Furthermore, there 
is no evidence that an individual can 
learn to regulate the same pattern of be- 
havior with the delayed feedback signals. 
He can shift to another sensory mode of 
control or shift from continuous to dis- 
crete control, but the original control 
pattern cannot be restored while the de- 
lay is in effect. 


Intermittency Functions 


One of the principal experimental 
findings of the Skinnerian school of re- 
inforcement learning theory is the effect 
of intermittent scheduling of reinforce- 
ments in patterns of fixed or variable in- 
tervals or of fixed or variable ratios. 
The general finding is that although con- 
tinuous reinforcement produces faster 
learning, optimal schedules of intermit- . 
tent reinforcement produce higher and 
more stable rates of responding. 

The intermittency effect has been es- 
tablished in situations requiring repeti- 
tion of the same response which is re- 
inforced only part of the time. Strictly 
comparable schedules of intermittent 
feedback cannot be studied for at least 
two reasons. One is that the normal in- 
dividual always has some feedback from 
his movements—proprioceptive if not 
exteroceptive. Another reason is that 
human behavior rarely consists of a re- 
petitive series of discrete responses. 
However, in some skill situations, such 
as tracking, operators sometimes must 
perform with an intermittent feedback 
display. In such a situation there is no 
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possibility of increasing the stability of 
response, as is done with intermittent 
reinforcement. The operator can tolerate 
some minor degree of intermittency but 
cutting out too much of the feedback 
pattern inevitably degrades his per- 
formance. 


Extinction Functions 


Experimental extinction of a learned 
response by withdrawing the reinforce- 
ment presumably is a well-defined phe- 
nomenon of reinforcement learning. Ex- 
tinction of classical conditioned reflexes 
and of learned operants has been demon- 
Strated quite clearly by many investiga- 
tors. Comparable functions related to the 
withdrawal of sensory feedback cannot 
be demonstrated. If the controlling feed- 
back pattern is withdrawn there is an 
immediate and abrupt deterioration of 
behavior control. Under some circum- 
Stances, subsequent behavior may show 
improvement as the individual estab- 
lishes new patterns of control, but there 
18 no gradual decline similar to the ex- 
tinction function. Sensory feedback 
clearly cannot be considered equivalent 
fo reinforcement if judged in terms of 
Withdrawal effects. 

It should be noted that the concept of 
extinction is scarcely applicable to hu- 
man behavior, for a regular extinction 
function cannot be demonstrated in hu- 
man subjects except in relation to such 
restricted learned behavior as condi- 
Noned galvanic skin responses over 
Which the individual has minimal con- 
trol. In studies of so-called satiation, 
Subjects repeatedly drew a pair of lines 
©r read a short poem over and over for 
fred without being reinforced (Karsten, 

928). In time, performance was 
Marked by variability, decreased quality, 


and in some cases, emotional reactions 
or nearly complete blocking of activity, 
but a new instruction by the experi- 
menter initiated another spurt of well- 
organized activity. These satiation ef- 
fects, which are similar to the type of 
response decrement observed in vigilance 
tasks, do not appear to be equivalent to 
experimental extinction produced by the 
withdrawal of reinforcement. Activities 
which are less restrictive or less monot- 
onous can be continued for equally long 
periods of time with less noticeable de- 
crement. 

On the other hand, a human response 
made specifically to secure an extraneous 
reward is not likely to show a gradual 
decline in strength if the reward is not 
forthcoming. For example. a child ac- 
customed to going to the cookie jar 
immediately after coming home from 
school would not show a gradual ex- 
tinction function if the cookie jar were 
empty. He would more likely look for 
a snack elsewhere rather than indulge 
in a series of useless “operants” (open- 
ings of the cookie jar) at a declining rate. 

In our opinion, decrements in human 

erformance must be analyzed not in 
relation to the occurrence of reinforce- 
ment but in relation to the level of con- 
trol which the individual can maintain 
over the situation. Satiation decrement 
js more marked in restrictive tasks where 
perceptual-motor control is degraded by 
the limited change in feedback patterns. 
More varied performances are slower to 
show such decrement. On the other 
hand, a human individual whose activity 
is directed toward a specific incentive is 
likely to vary his responses if the first 
one does not secure the reward. Only in 
situations where he has little or no con- 
trol—where he does not understand the 
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situation or has no alternative choices 
open to him—will he continue to repeat 
a useless response in gradually declining 
strength. It is significant that the most 
regular extinction curves are obtained 
from animals which are restricted in 
harnesses or enclosed in boxes where 
there is little else to do except to give 
the learned response. It also is signifi- 
cant that certain learned human re- 
sponses, such as nervous tics or repeti- 
tive doodling, are performed day after 
day and year after year without rein- 
forcement and without decrement. Such 
activities seem to be divorced almost 
completely from the individual’s organ- 
ized patterns of control. 


Role of Motivation 


In reinforcement learning, the rein- 
forcement always bears some direct re- 
lationship to a drive or motivating state. 
In animal studies, the reinforcing value 
of food is assured by making the ani- 
mal hungry, and the reinforcing value 
of water is assured by depriving the 
animal of an opportunity to drink for 
a period of time. Although most learn- 
ing situations, especially in human be- 
havior, do not involve such clear-cut 
deprivation conditions. the reinforce- 
ment model dictates the assumption of a 
motivating state. A drive or motive must 
be activating the organism if a specific 
reinforcement contingency is to prove 
reinforcing. Widespread acceptance of 
this view of learning has generated a re- 
markable proliferation of motives and 
drives—including exploratory and curi- 
osity motives, perceptual motives, and 
many kinds of social motives—for the 
purpose of accounting for learning 
change in terms of reinforcement con- 
tingencies. 
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In cybernetic control, the sensory- 
feedback signals are related not to a 
postulated drive state but to the somatic 
behavior itself. Inasmuch as feedback 
occurs as an outcome of movement or 
response, the stimulus patterns in feed- 
back control bear some appropriate or 
integrative relationship to the move- 
ments that produce them. The temporal 
relationship between movement and 
feedback is rigidly determined by the 
intrinsic processes involved, and there 
are well defined spatial, kinetic, and 
time-sampled relationships between the 
feedback stimuli and their generating 
movements. 

The difference we are pointing out 
here is of utmost significance for our 
feedback theory of behavior organiza- 
tion. Reinforcement control of learning 
implies the primacy of physiological 
drives in behavior organization. If an 
exploratory or perceptual drive is postu- 
lated, it is assumed to represent a basic 
need of the organism (possibly a need of 
the brain! [Nissen, 1954]) that can be 
satisfied by an appropriate reinforce- 
ment. Secondary or learned drives are 
assumed to be derived from basic drives 
and thus of necessity are consistent with 
the concept of homeostatic control. 

Our own theory rejects both the con- 
cept of homeostasis and the primacy of 
physiological drives as explanatory prin- 
ciples of human behavior organization. 
As we have said, we describe behavior as 
homeokinetic rather than as homeo- 
static because the individual is a self- 
generating feedback system whose nor- 
mal state is activity, not equilibrium. 
Furthermore, we believe that the pri- 
mary directional and orientational pat- 
terns which define the nature of human 
motivation are derived from the feed- 
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back regulated action systems as they 
develop through maturation and learn- 
ing. The needs of the body impose cer- 
tain modifications on perceptual-motor 
behavior, but they are not the primary 
generators of that activity. The response 
system is designed so as to activate it- 
self, and thus the primary motivational 
or energizing source can be ascribed to 
the mechanisms of perceptual-motor con- 
trol. 


Role of Perception 

Concepts of cybernetic control effec- 
tively integrate for the first time the 
areas of sensory psychophysiology, per- 
ception, and learning, which heretofore 
have gone their separate ways with little 
Interchange. A learning science based 
on the law of effect or reinforcement 
derives little or no benefit from special- 
ized knowledge about vision, hearing, 
and the other sensory modes, and 
ascribes no particular significance to 
these areas. In contrast, a learning 
Science based on concepts of feed- 
back control assigns paramount impor- 
tance to the sensorimotor capabilities of 
the individual. Feedback research looks 
for the definitive conditions of learning 
change in the phenomena of sensory con- 
trol of motion rather than in the poorly 
defined events of extrinsic reinforce- 
Ment. Information about the functional 
Properties of receptor systems as well 
8S an understanding of the mechanisms 
of feedback regulation of motion are 
asic to cybernetic studies of learning. 
In our opinion, feedback theory pro- 
Vides a more meaningful approach to the 
Old problems of selectivity and attention 
than has been possible in reinforcement 
theory. Recent interest among learning 
Psychologists in curiosity, exploration, 
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investigation, manipulation, and other 
spontaneous perceptual and intellectual 
activities has led to a number of efforts 
to account for them within the conven- 
tional learning framework. The phenom- 
ena to be accounted for are not restricted 
to human behavior but have been estab- 
lished in animal behavior as well. Or- 
ganisms do not respond to every stimu- 
lus in the sensory environment but select 
or pay attention to specific configura- 
tions, particularly novel stimuli. 
Berlyne (1960) has suggested that 
stimulus selection can be brought within 
a drive-reduction theory of learning. He 
assumed that the nervous system relates 
a novel stimulus to familiar stimulus 
categories by generalization, but con- 
flict is induced because a novel stimulus 
arouses more than one response tend- 
ency. Exploratory or investigatory be- 
havior provides the organism with more 
information about the novel stimulus 
and reduces conflict by enabling the se- 
lection of an appropriate response. Thus, 


although the organism appears to be 
seeking increased stimulation or arousal, 


it is doing so in order to obtain relief 
from arousal in reduced conflict. This 
interpretation is well within Hullian 
drive-reduction theory. 

Glanzer (1958) proposed that new 
stimuli are sought out because organisms 
are information processing systems that 
require a certain amount of information 
per unit time. Differences in optimal re- 
quirements are related to the age of the 
individual and his past experiences. This 
analysis implies, as did Berlyne’s, that 
exploration is due to an undifferentiated 
drive state. Glanzer also postulated that 
satiation with novel stimuli results when 
continued observation or attention builds 
up a quantity of stimulus satiation which 
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reduces responsiveness but which dissi- 
pates in the absence of the stimuli. 

This idea of stimulus satiation is very 
similar to concepts of neural inhibition 
which have been used both by psycholo- 
gists and physiologists to explain vari- 
ous phenomena of differential sensitivity 
and response strength. Mechanisms of 
inhibition have been used to explain the 
dominance of one response over another 
and the blocking of one sensory source 
by another. Examples of differential sen- 
sitivity can be found in the recognition 
of one part of the body rather than an- 
other in coordinate activities. For ex- 
ample, when the fingers are placed on 
the nose. the common impression is that 
the fingers are feeling the nose—not that 
the nose is feeling the fingers. In walk- 
ing, the impact of the foot with the sub- 
strate is felt on the foot but not usually 
in the ankles, knees, or hips. When one 
writes with a pencil, the visual trace pat- 
tern is observed while tactual and kin- 
esthetic effects in the hand and arm go 
unnoticed, In playing a musical instru- 
ment, the musician tends to hear the 
music rather than attending to the con- 
tacts that his fingers are making with 
the instrument. 

Can we discover any general principle 
that will apply both to these common ex- 
amples of differential sensitivity and to 
the more complicated phenomena of ex- 
ploration and investigation of novel stim- 
uli? In all cases, we are dealing with 
a selective aspect of behavior in which 
the individual attends to a restricted 
number of stimulus patterns out of all 
possible stimuli impinging upon his sen- 
sory surfaces. Postulating a drive state 
that motivates investigatory responses 
does not explain why the fingers feel the 
nose instead of the nose feeling the fin- 
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gers or why the musician hears the 
sounds of the instrument instead of feel- 
ing the keys. Selection, attention, and 
differential sensitivity involve more than 
an undifferentiated drive to reduce per- 
ceptual or intellectual conflict or to pro- 
vide an optimal level of information. 

If we think of the individual as a cy- 
bernetic control system, we get some 
new clues bearing on the significance of 
stimulus selection. A directionally guided 
compound control system, such as the 
human body, integrates sensory input 
from a number of sources in order to 
maintain precise multidimensional con- 
trol of response in relation to the sen- 
sory environment. This pattern must in- 
volve a gradation of sensitivity, with the 
individual most sensitive to or most 
aware of the feedback stimuli from the 
focal application of control. Thus, we 
conceptualize a situation in which sensi- 
tivity to different stimulus sources and 
precision of different movements are 
graded from focal activities to suppor- 
tive postural activities. Paying attention 
to one set of stimuli does not mean that 
other sensory channels are inhibited but 
that they are relatively less definitive in 
the particular control pattern in prog- 
ress. 

One implication of these ideas is that 
the individual typically selects or pays 
attention to those stimuli which are be- 
ing used to control the most precise com- 
ponent of motion—as a rule the manipu- 
lative component. Thus, the fingers feel 
the nose because they can manipulate the 
nose, and not vice versa. The feet rather 
than the ankles feel the impact on the 
walking surface because the feet make 
the fine adjustments to that surface. The 
musician listens to the music rather than 
feeling the keys because he controls his 
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actions focally in terms of auditory ef- 
fects. Of course, it is possible for him to 
focus his attention on the feel of his 
fingers on the instrument—what this 
shift of attention involves neurophysio- 
logically we cannot specify—but by 
changing the focus of control, he may 
introduce modifications into the result- 
Ing pattern of motion. 

The investigation of novel stimuli also 
can be described in terms of the estab- 
lishment of control. A familiar situation 
is responded to almost automatically, as 
an overlearned skill can be performed 
Without close attention. A new situation 
or a new skill can be understood or con- 
trolled only after a certain amount of 
practice in which the new focal activities 
are integrated with background refer- 
ence movements, or in which the new 
information is related to prior knowl- 
edge. 

It appears likely that many of the 
phenomena of graduated action and sen- 
Sitivity in common learned performances 
Teflect an intrinsic differentiation of sen- 
Sorimotor processes. The exteroceptor 
Systems with their extensive and refined 
articulation of motor control generally 
are more prominent in focal activities, 
While the somewhat less precise tactual 
at kinesthetic sources of feedback con- 
D; are perceived as background effects. 
erences in refinement of sensorimo- 
°r interaction are reflected in the rela- 
‘Wve size of different sensory projection 
ian of the cerebral cortex, which vary 
et ifferent animals not according to the 

ative size of the receptors themselves 
ee according to the degree of dynamic 
i ned motor control associated with the 
ene receptor systems. It is very 
net that the common phenomena re- 

to differential sensitivity in pat 


terned motion are determined largely by 
such built-in differences in the sensory- 
feedback mechanisms of the body. 


Transformations of Control 


Any theory of behavior organization 
should be able to conceptualize the or- 
derly progression from the relatively 
simple overt response patterns seen in 
animals and very young children to the 
complicated skills, symbolic responses, 
and abstract thought that develop in all 
normal human individuals. In sensory- 
feedback theory, these orderly processes 
of human specialization can be analyzed 
in terms of systematic transformations 
of sensory-feedback patterns. 

Unaided movements of the body gen- 
erate feedback stimuli with spatial, tem- 
poral, and kinetic properties that are 
more or less equivalent to those of the 
generating movements. When a tool is 
used, however, the pattern of stimuli 
generated by a movement may have 
quite different physical properties from 
those of the movement itself, but they 
still maintain a systematic geometric, 
temporal, and kinetic relationship with 
the movement pattern. When compound 
machines are used, the transformation 
between the actual control reactions of 
the operator and the stimulus patterns 
generated by action of the machine may 
be extremely complex. However, the 
feedback stimuli still bear an entirely 
systematic relationship to the movements 
that produced them. In some cases, the 
solution of complicated design problems 
in human engineering hinges on an un- 
derstanding of the systematic principles 
of feedback transformation that apply 
to the machine operations in question. 

The shift from direct behavior to sym- 
bolic behavior involves not only trans- 
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formation of feedback patterns but the 
substitution of one type of movement 
for another to effect control. The main 
function of human communication is to 
permit control of physical and social 
events by means of indirect symbolic 
responses substituted for direct action. 

Some of the simpler forms of non- 
verbal symbolism involve movements 
that represent direct transformations of 
the more direct control movements in 
that they possess some physical relation- 
ship to the direct response. For example, 
many gestures abstract some features of 
the spatial-temporal pattern of a direct 
action and are used in communication 
to achieve somewhat the same effect that 
the direct action would have achieved. 
Also, graphic drawings are systemati- 
cally related to real situations and can 
be used to extend behavioral control in 
time and in space. Consequently, in 
drawing pictures or in preparing maps 
or blueprints, the feedback-control pat- 
terns represent systematic transforma- 
tions of the patterns that would be used 
in more direct reactions to the situa- 
tions represented. 

The essential characteristic of formal 
symbolism is that it involves the substi- 
tution of one kind of movement for 
others when the symbolic responses bear 
no systematic physical relationship to 
the direct responses that they represent. 
Thus, the words of oral and written 
speech and the symbols of oral and 
written mathematics represent motion 
systems which can be used to control ob- 
jects, people, and events but which are 
related arbitrarily to the direct control 
motions that might be used equivalently. 
However, once these formal symbol sys- 
tems are learned, the symbolic patterns 
themselves can be transformed in vari- 
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ous systematic ways to extend the possi- 
bilities of control far beyond the scope 
of direct action. Thus, once numbers are 
learned, they can be added or sub- 
tracted or transformed in other ways to 
describe and control many features of 
many situations. Spoken and written 
speech function in a similar way to per- 
mit individual or social control by means 
of systematic transformational reduc- 
tion, elaboration, conversion, and trans- 
lation of the feedback relationships 
between responses and the perceptual 
properties of environmental situations. 
Symbolic control patterns can be checked 
for accuracy in two ways: against the 
logical rules and relationships that gov- 
ern the use of formal symbol systems; 
and in terms of their utility as applied 
in actual situations. 

The unlimited capacity of human re- 
sponses to generate systematic trans- 
formations of feedback control provides 
the objective basis for human specializa- 
tion of behavior and learning. In con- 
trast, reinforcement learning theory pro- 
poses that each individual in turn must 
acquire the complicated skills and the 
systematic knowledge that are charac- 
teristic of all members of his culture ac- 
cording to the effects of a series of more 
or less fortuitous reinforcement con- 
tingencies. It strains the credulity to be 
told that all learning depends not only 
on the action of specific reinforcements 
but on the activation of the individual 
by relatively undifferentiated drive states 
which will assure the reinforcing quality 
of the reinforcements. There is nothing 
in this theory that would assure the sys- 
tematic nature of human skills and hu- 
man knowledge as they actually are 
learned. 


In view of this theoretical inadequacy, 
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it is no wonder that reinforcement theo- 
rists have tried to incorporate more sys- 
tematic concepts from other areas of 
research into their overly parsimonious 
model. Knowledge of results or knowl- 
edge of accuracy is known to enhance 
learning, so it is labeled “reinforcement.” 
Even the specialized phenomena of sen- 
sory feedback are called “reinforcement.” 
But applying this label does not clarify 
the nature of the feedback process or 
advance our understanding of the de- 
terminants of learning change in feed- 
back control patterns. 


Categories of Learning 

The general inadequacy of reinforce- 
ment theory, as of all conventional asso- 
Ciation theories, is revealed by the many 
efforts of learning psychologists to clas- 
Sify or categorize types of learning 
(Melton, 1964). The so-called general 
theories attempt to identify one or two 
factors which presumably account for 
all instances of learning, but in practice 
itis found necessary to go beyond such 
Seneral determinants as temporal con- 
'guity and reinforcement and to dis- 
nguish among various categories of 
learning—for example. classical condi- 
Honing, Operant conditioning. instru- 
mental conditioning. instrumental re- 
“Ward training, orientation learning, in- 
cldental learning, psychomotor learning. 
Probability learning, verbal learning. 
“oncept formation, and problem solving. 
a, Contemporary learning psychology, 

© problem of classifying categories and 
jo analyzing their differences is of more 
Seneral interest than the contiguity-rein- 
°reement issue itself. 
ee oe thing about i 
to sds orts of learning investig : 

y categories is that the concep 
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upon which such taxonomic exercises 
are based are not derived from the gen- 
eral theories. Associationism of what- 
ever variety assumes the generality of 
one or two learning factors in all forms 
of animal and human learning and 
makes no provision for different types 
or categories. In order to identify and 
label distinctive types, investigators refer 
to differences in the way responses con- 
trol stimuli or are subject to intrinsic 
control by stimuli. This appears to be 
an implicit denial of the general validity 
of association models and recognition 
of the importance of human design fac- 
tors in determining learning change. 
In the cybernetic approach to learn- 
ing, the so-called different types or cate- 
gories are thought to reflect differences 
in patterns of feedback control. This ap- 
proach recognizes no distinctive cate- 
gories except in a general descriptive 
sense, for learning is assumed to vary 
quantitatively as a function of the varia- 
ble properties, the integrative pattern, 
and the modes of transformation of the 
controlling feedback processes. Verbal 
learning differs from instrumental learn- 
ing because the systematic transforma- 
tions of closed-loop regulation of be- 
havior are different in these two sectors. 
Instrumental learning differs from un- 
aided psychomotor learning because the 
use of tools and machines involves spa- 
tial, temporal, and kinetic transforma- 
tions of feedback which change the pat- 
tern of control. Psychomotor learning is 
different from orientation learning be- 
cause the former incorporates the feed- 
back mechanisms of manipulative move- 
ments whereas the latter involves inte- 
grating the larger transport and postural 
movements of the body into a more 
general pattern of control. And orienta- 
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tion learning is different from so-called 
classical conditioning because the ani- 
mal or human subject in the latter case 
is restrained and deprived of much of 
the varied sensory feedback utilized in 
normal adaptive response. In such a sit- 
uation, normal orientation responses are 
of necessity minimized while the subject 
learns a limited reaction to the CS. How- 
ever, it is known that the specific CRs 
are not independent entities, but are in- 
cidental to more generalized bodily re- 
actions. 

The real hope of cybernetic research 
on learning is to provide a framework 
for understanding and studying all varie- 
ties of learning change. The behaving 
system conforms to the same basic prin- 
ciples of cybernetic control in all its di- 
verse modes of adaptation. 


SUMMARY 


1, Wartime training research gen- 
erated procedures of task analysis, 
renewed interest in the nature of psy- 
chomotor skills, contributed to the de- 
velopment of cybernetic concepts, sug- 
gested important modifications for be- 
havior theory, and influenced training 
practices in many areas. 

2. There have been a number of at- 
tempts in military research programs to 
systematize the planning procedures in 
training and operational research. Some 
of these have classified training objec- 
tives or functions, characteristics of ef- 
fective training media, and the training 
media _ themselves. 
planning training programs and analyz- 
ing performances are hampered by the 
lack of a generally accepted means of 
specifying the critical features of be- 
havior patterns. 

3. The general validity of training 
prediction is low, for it is difficult to 


These schemes for 
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sample skills that will determine final 
performance. Final proficiency cannot 
usually be predicted from initial train- 
ing scores. 

4. Fleishman’s factor analysis of skills 
has revealed a number of fairly specific 
factors that contribute to individual dif- 
ferences and variability in skilled per- 
formances. Usually there is one or more 
within-task factor. The factor pattern of 
a skill typically changes with practice. 

5. Using survey and other data, Fitts 
described skill learning as involving 
phases of cognition, fixation, and auto- 
mation. He stressed the importance of 
identifying subroutines and of extended 
practice to make skills autonomous. 

6. Experimental motion analysis has 
supported a tridimensional analysis of 
skills into three basic movement com- 
ponents: posture, transport, and manipu- 
lation. This scheme can be related 
meaningfully to the structural and func- 
tional differentiation of the nervous sys- 
tem and to the different sources of sen- 
sory control. It is useful in describing 
the development of behavior in phy- 
logeny and ontogeny. Movement com- 
ponents can be timed separately by elec- 
tronic motion analyzers and provide a 
meaningful framework for analyzing the 
spatial organization of motion. 

7. Skilled motions also vary in co- 
herence, continuity, frequency, and com- 
plexity. The continuity continuum from 
discrete to continuously controlled move- 
ments encompasses the distinction be- 
tween pursuit and saccadic or between 
tense and ballistic movements. 

8. Wiener’s cybernetic analogy de- 
scribes the individual as a closed-loop 
feedback-control system. 

9. Dynamic sensory feedback refers 
to movement-generated stimuli that pro- 
vide an intrinsic means of regulating 
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motion in relation to the environment. 
Knowledge of results given after a re- 
sponse is a static aftereffect which may 
give information about accuracy but 
does not provide dynamic regulating 
stimuli. Dynamic feedback indication of 
error is more effective in performance 
and learning than static knowledge of 
results. 

10. Feedback and reinforcement dif- 
fer in the objectivity with which they 
can be defined and in the generality of 
their meaning in behavior theory. Feed- 
back can be defined and varied in pre- 
cise physical terms and provides a regu- 
latory mechanism for all patterned be- 
havior, Reinforcement is defined only 
in terms of observed learning change 
and has meaning only for instances of 
reinforcement-controlled learning. 

ll. Feedback concepts permit clari- 
fication of the meaning of stimulus- 
Tesponse interactions in behavior. The 
Concept of the individual as a feedback- 
8enerating system whose normal state is 
activity is contrary to the idea of homeo- 
Static control assumed by reinforcement 
theory, 

12. Feedback control operates on the 

asis of spatial detection of stimulus 
differences and thus implies a primary 
Spatial organization of behavior. Rein- 
orcement theory assumes that responses 
are linked in temporal series in learning. 
. 13. Delaying reinforcement up to an 
terval of many minutes causes 2 grad- 
ual decline of response strength. Delay- 
ing Sensory feedback by even a small 
taction of a second causes severe dis- 
turbances in behavior organization with 
tlle or no recovery. 
one ae intermittency sion and 
info Ction functions demonstrated in Te 

Teement learning have no counter- 
Part in feedback control. Intermittent 


feedback and withheld feedback cause 
immediate degradation of performance. 

15. The efficacy of reinforcement is 
assumed to depend on an active need or 
drive state. Feedback theory assumes 
that the organism is built as an action 
system and thus energizes itself. Body 
needs are satisfied by behavior that is 
structured primarily according to per- 
ceptual-motor organizational mecha- 
nisms. 

16. Feedback theory assigns primary 
status to research in sensory psychology 
and perception, whereas these areas are 
of peripheral interest in reinforcement 
theory. Selectivity of stimuli and re- 
sponses can be conceptualized as in- 
volving graduated sensitivity and _pre- 
cision of response from the focal area 
of control to the background supportive 
movements. Graduated precision of ac- 
tion and sensitivity in the different sen- 
sorimotor systems of the body reflect 
an intrinsic differentiation in the neural 
centers. 

17. The orderly progression of be- 
havior patterning from relatively simple 
overt responses to complex overt and 
symbolic skills is accounted for in feed- 
back theory by systematic transforma- 
tions of sensory-feedback patterns ef- 
fected by the use of tools, machines, 
and symbol systems. In contrast, rein- 
forcement theory describes all learning 
as due to the effects of reinforcements 
that bear no systematic relation to the 
different kinds of behavior learned. 

18. Whereas general association theo- 
ries of learning do not adequately con- 
ceptualize the various categories de- 
scribed by learning psychologists, feed- 
back theory proposes that all varieties of 
learning reflect differences in properties, 
atterns, and transformations of feed- 
back control processes. 


CHAPTER 
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Contemporary 
Training Issues 


The concepts of feedback control, which 
were discussed in the previous chapter, 
represent a positive approach to train- 
ing problems in all areas of society. 
Our main premise that individuals are 
self-regulating control systems implies 
that training programs, training devices, 
and instructional techniques should be 
evaluated in terms of their effectiveness 
in enhancing organized patterns of con- 
trol. This cybernetic approach empha- 
sizes the intrinsic organizational factors 
that define the nature of performance 
and the course of learning, whereas the 
standard learning theory approach con- 
siders drive states and reinforcements— 
factors extrinsic to the behavior pat- 
terns being learned—of paramount im- 
portance. 

Many areas of training, especially 
those concerned with rehabilitation of 
persons afflicted with physical or emo- 
tional behavior disorders, are dominated 
by the clinical techniques of psycho- 
therapy. In spite of their diverse origins, 
this approach has come to be allied very 
closely with the reinforcement theories 
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of experimental psychology, for the 
main idea underlying psychotherapy is 
that rehabilitation or retraining involves 
reduction of such extrinsic emotional 
states as anxiety. 

It is our belief that neither reinforce- 
ment theory nor clinical psychology 
deals adequately with training problems 
because they focus on relatively un- 
differentiated factors external to the be- 
havior which is to be trained. What suc- 
cess psychologists have had in devising 
training techniques and training pro- 
grams has come for the most part when 
they have dealt with the intrinsic or- 
ganization of the behavior itself. It is 
our purpose in this chapter to show that 
successful training techniques can be 
interpreted in terms of the principles 
of cybernetic design. 


INDUSTRIAL TRAINING 


Industrial training has grown to be a 
giant enterprise involving millions of 
workers and billions of dollars annually. 
For example, a survey of New Jersey 
industries reported in 1962 disclosed 
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that out of a work force of 728,531 in 
37,546 companies, 11.3 percent were 
employed by 6099 companies that spon- 
sored training (Basic Systems, Incorpor- 
ated, 1962). Of these, 82,740 workers 
were participating in 15,873 separate 
training programs for an average of 
only five trainees per program. 

Industrial training techniques always 
have emphasized the visual factor in the 
well-illustrated teaching manual, the 
training chart, demonstrations, displays, 
television, and so on. It has been esti- 
mated that 2.8 billion dollars are spent 
annually on manuals alone (Basic Sys- 
tems, Incorporated, 1962). Hence, our 
Previous comments about the value of 
integrating nonverbal and verbal proc- 
€sses in audiovisual instruction are sup- 
Ported implicitly by industrial training 
practices, 

In all of industry’s extensive training 
efforts, however, there is little recourse 
to objective research. Training methods 
Continue to represent conglomerations of 
Past conventions, new military and ed- 
Ucational fads, managerial and economic 
Propaganda, and some of the newer 
Wrinkles of social-clinical psycholog 
and its group pressure techniques. In 
View of the billions of dollars spent an- 
Pually on industrial training, it is sur- 
Prising that there is so little concern 
about validating its techniques and es- 
‘ablishing their theoretical foundations. 
. In our opinion, the central problem of 
industrial training is that its techniques 
a geared almost invariably to the 

feds of the company rather than to 
© needs of the worker. It is assumed 
aE Satisfactory performances will be 
omntained if appropriate incentives are 
é red and if the proper attitudes and 
Satisfactions can be established. An 
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alternative approach is to emphasize the 
feedback regulation of behavior as the 
central factor in learning and to design 
the training situation to enhance the 
worker’s ability to control his own pat- 
terns of response. Rather than manipu- 
lating the worker, this approach helps 
him to become a manipulator of his own 
job situation. There are reasons to be- 
lieve that such a shift in emphasis is not 
a utopian ideal but can be justified on 
sound utilitarian grounds. 


Two Approaches 
to Worker Training 

We are going to contrast the two ap- 
proaches to industrial training by de- 
scribing two experiments: one utilizing 
the traditional pressure and constraint 
approach that tries to improve per- 
formance by promising wage and effi- 
ciency rewards; and the other emphasiz- 
ing the principles of self-regulation and 
feedback control in learning and per- 
formance. 

A training research project that was 
awarded special recognition in Britain 
illustrates techniques of developing and 
evaluating a reward-oriented training 

rogram. The project was carried out by 
Yates (1959) in a factory where women 
workers were employed to hand-as- 
semble high-grade cardboard boxes in 
an endless variety of styles. Because of 
the great variation in tasks, new workers 
learned their skills very slowly and the 
over-all work rates were very low. 
The project described here attempted 
to develop training techniques which 
would speed up training and increase 
production. The most important tech- 
niques used in the shop were selected 
and arranged in order of difficulty for a 
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course of graded training exercises. The 
most suitable work methods, as deter- 
mined by motion study, were taught the 
trainees and speed of production was 
emphasized from the start. Trainees 
were to learn how to construct ten dif- 
ferent boxes to meet the firm’s quality 
standards. When the criterion was met 
on one box, the trainee was given a 
monetary prize and passed on to the next 
box. With these methods, the training 
period was reduced to less than twenty 
weeks, in which time the trainees 
reached a proficiency level that formerly 
had been achieved only after one and a 
half to two and a half years. 

However, there were other sides to the 
story. Out of every four girls starting 
the course, only one completed it and 
transferred to productive work. Further, 
those trainees who were successful could 
not maintain their performance stand- 
ards in the shop and dropped back to 
around fifty percent proficiency, which 
was lower than the shop average. The 
speed-up pressure and incentives used 
in training brought the successful train- 
ees up to a high standard very rapidly, 
but their performance standards were 
not maintained in work. Similar results 
are fairly common when workers trained 
outside a shop are transferred into a 
regular work group. 

In our opinion, the failures of this 
project can be attributed to the fact that 
the workers were not self-regulating sys- 
tems either during training or during 
work. The pressures and imposed work 
standards of training could not be 
adapted to at all by most of the starters. 
Those who adjusted to this situation and 
attained a high level of proficiency in 
training found quite a different set of 
outside pressures in work—those im- 
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posed by the older workers. Over the 
years the workers had developed their 
own ideas about how long it took to 
learn box-making, and how high a level 
of performance could be maintained 
year in and year out. The speed-up im- 
posed on the trainees did not survive 
the pressures of the work group itself. 

An experiment in factory training de- 
scribed by King (1962) was designed 
according to cybernetic principles such 
as those described in this book. King 
described the conventional organization 
of a production department as a “split 
system,” in which the workers perform 
as the activity component while the su- 
pervisor acts as the control component. 
Such a system is diagramed in Figure 
9.la. When trainees who have learned 
some self-regulation of activity in their 
training program enter such a loosely 
organized split system, their production 
drops, particularly if the relationship 
between workers and supervisor is un- 
satisfactory so that the exchange of in- 
formation is hampered. The alternative 
design diagramed in Figure 9.1b per- 
mits the worker to control his own ac- 
tivity within agreed limits while the su- 
pervisor, freed from detailed control 
tasks, has time for long-range planning 
and control. In this set-up, both worker 
and supervisor are self-regulating sys- 
tems which interact to achieve more effi- 
cient production than in the split-system 
design. 

Evidence that this second design for 
production control actually is more effi- 
cient came from an experiment on work 
reorganization in sewing tasks in a tex- 
tile plant. Operators were retrained ac- 
cording to cybernetic principles which 
aimed at increasing their control over 
their own activities. These six specific 


Industrial Training 


eee ee ees 
Operator's Role 


Figure 9.1. Two organizational pa 
organization showing the separation 0 


visor and operator. b. Cybernetica 


Operator are interacting self-regulating syste! 
as a self-regulating system (A factory experim 


ie of training design were fol- 
nee built-in instructions—that is, in- 
ns implicit in the task 
rea built-in feedback to permit cor- 
of errors 
ited - considering the worker as a lim- 
aula system which should not 
oaded at any level of learning 
ig oe for choice of appro- 
ethods by the worker 
tien regarding the instructor as @ Te 
for fet person who could be approached 
Mos P and advice in a blame-free at- 
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tterns in production shops. @. Conventional 


ity functions between super- 
nization in which supervisor and 
ms, (Based on King. The operator 
ent). Ergonomics, 1962, 5, 467-470.) 


that the workers themselves participated 
in reorganizing the work methods and in 
establishing time and quality standards. 
After the first six operators had com- 
heir retraining, they were given 
the opportunity to transfer their new 
work organization and self-regulation of 
activity to the shop. Agreements were 
reached with management and the shop 
foreman to permit these workers to de- 
sign their own work layout and to agree 
on fatigue and contingency allowances. 
After an initial period of some confu- 
used by the shift in decision- 
new lines of control 


pleted t 


sion ca 
making powers, 
became established and production in- 
creased. 

This study illustrates how shifting the 
pattern of control in training and work 
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may affect both learning and production. 
When the responsibility for controlling 
the work situation was shifted from the 
foreman to the workers themselves, the 
feedback regulation of the productive 
activity was changed. The workers 
tended to regulate their activity not in 
terms of the foreman’s attitudes and be- 
havior or in terms of the relation be- 
tween the foreman and other workers 
but on the basis of direct perceptual 
feedback informing them of the effects 
of their own behavior. The change was 
not just a matter of giving the workers 
more freedom but involved improved 
sensory-feedback effects from the actual 
work activity. As long as training design 
and work design impose artificial re- 
straints and direct supervisory control 
of activity, the effective feedback signals 
are displaced from the work activity it- 
self to the actions of the supervisor. It is 
more satisfying as well as more efficient 
for the worker to regulate his produc- 
tive activity directly. 


Management Attitude Training 


Industrial training at the executive 
level presents many different problems. 
Management personnel are expected not 
only to be well informed and up-to-date 
in technical matters but also to be well 
versed in company policies, to be able to 
make decisions, and to present the fa- 
gade of a well adjusted personality. 

The widely publicized Hawthorne ex- 
periments at the Western Electric Com- 
pany in the 1930s established the fact 
that the attitudes and social relationships 
of workers in a plant may have more in- 
fluence on their productivity than such 
factors as work schedules and environ- 
mental conditions (Roethlisberger and 
Dickson, 1939). This compelling idea 


led to continuing efforts to develop hu- 
man relations and counseling techniques 
which by improving the worker’s at- 
titudes toward his work, his peers, and 
his superiors would thereby increase his 
productivity. These techniques have 
been of particular importance to man- 
agement personnel, for in many cases 
procedures based on psychotherapy, 
such as role playing, not only have been 
made available but also have been im- 
posed willy-nilly on executive groups. 

Interest in manipulating the attitudes 
of management personnel was brought 
to a focus in sensitivity training, which 
is supposed to help the supervisor or 
manager develop “sensitivities” to him- 
self, to others, and to the ways in which 
individuals interact in groups (Tannen- 
baum et al., 1954; Weschler and Reisel, 
1958). He is supposed to become aware 
of how he is influencing group effective- 
ness and whether he is a help or a 
hindrance. 

In sensitivity training, the difficulties 
of the insecure executives are overcome 
by vertically structuring management 
groups in discussing emotional problems 
with the help of a clinical psychologist. 
This means that managers engage in a 
kind of open confessional of their atti- 
tudes toward others in a situation in 
which the management pecking order 
not only is retained but also is rein- 
forced by the clinical technique. The 
clinical psychologist in attendance asks 
questions about group members’ “‘liking- 
ness” of partners, and of their jobs and 
activities. The high-level executives tak- 
ing part may be taught psychotherapeu- 
tic and nondirective counseling tech- 
niques which they can use thereafter to 
handle problems of their subordinates. 
Promotive literature claims that sensi- 


Industrial Training 


tivity training facilities “organizational 
harmony.” “unblocking of communica- 
tion,” and “participant observation.” 
The techniques of sensitivity training 
are thought to conform to the reinforce- 
ment learning model. Four levels of re- 
inforcement are thought to be possible. 
In order of significance, these are in- 
formation or knowledge at the lowest 
level, then cognition or problem solving, 
attitudinal reinforcement, and organiza- 
tional reinforcement at the highest level. 
It is believed that achieving the goals of 
proper attitude and organization are at 
higher levels than achieving knowledge 
or being able to apply knowledge in 
solving problems. A manager may show 
Satisfactory progress in learning infor- 
mation and in solving problems but 
reach a plateau in learning proper atti- 
tudes and how to get along in the or- 
Sanization. Further progress to these 
allegedly higher levels of reinforcement 
May come about through sensitivity 
training or—if this fails—through psy- 
chotherapy. 
_ Although there is no body of objec- 
tive data by means of which to evalu- 
ate the attitude training techniques in 
industry, the rapidity with which the 
different fads have come into favor in- 
icates that no one technique has had 
lasting success. The whole rationale of 
attitude training with respect to group 
Performance has been questioned by 
Glanzer (1962) who suggested that the 
Proficiency of a work team may deter- 
Mine its morale instead of the other 
Way around. There is occasional evi- 
dence that participating in discussions 
about the nature of one’s own behavior 
m groups may increase self-insight 
eee and Kight, 1959), and further, 
self-insight in foremen is related to 
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the productivity of their departments 
(Nagle, 1954). However, there is no di- 
rect evidence that current techniques of 
attitude training are the most effective 
ways either to establish favorable atti- 
tudes or to develop understanding or to 
increase productivity. 


Computerized Business Games 


One of the most recent fads in man- 
agement training is the use of com- 
puterized business games to give mana- 
gers experience in making specific deci- 
sions about running a business. These 
simulation games are set up as a com- 
petitive exercise between two or more 
management teams and the computer, 
which has been given some undisclosed 
instructions about how to use accounting 
and cost figures to derive answers to 
business problems. The students are 
given a current financial report and 
then must decide how to spend funds for 
expansion, research, advertising, and so 
on. The decisions of each management 
team are then fed into the computer, 
which analyzes the economic end-effects 
of each decision and computes a score 
for the team. 

Plattner and Herron (1962) described 
a “Top Management Decision Simula- 
tion” which simulates an entire business 
enterprise and places emphasis on deci- 
sion making at the top executive level. 
The computer is programed in terms of 
an arbitrarily defined enterprise model, 
and the decision making of a given team 
is scored by being compared with the 
“true” or reference decisions of the com- 
puter which are based on cost and ac- 
counting considerations and do not deal 
with human, industrial relations, or so- 
cial value issues. Each team’s score is 
printed out as a financial statement. An- 
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other pattern of simulation, described as 
“Management Trial Exercise,” incorpo- 
rates community relations, manpower 
planning, and employee relations prob- 
lems, such as leaves, terminations, and 
absences, into the games. 

Plattner and Herron listed these ad- 
vantages of computer games: they con- 
dense extensive decision-making experi- 
ence into short periods of time; they 
give an integrative knowledge of over- 
all business decision making; they 
emphasize the need of reaching deci- 
sions with the incomplete data at hand; 
they give role-playing experience; they 
make possible playback of training ac- 
tivities; and they induce feelings of 
participation. Other opinions are that 
they are rigid and artificial and promote 
over-simplified ways of thinking about 
complex problems. 

There is no objective evidence that 
executive training based on rigid, con- 
ventional economic models does in fact 
improve a man’s career potential. There 
are reasons for wondering whether such 
training might hurt more than it helps. 
In the absence of research validation of 
the computerized games, we feel that 
several questions are in order. 

1. Assuming that the programing 
concepts are valid, do the business 
games deal with critical decisions, or are 
the executives being trained in routine 
problems that can be handled better by 
the computer itself? 

2. Are meaningful value systems 
being used to program the games in the 
first place? 

3. Do the games teach self-deter- 
mined modes of decision making or do 
they force the trainees’ thinking into 
conventional, pre-established economic 
patterns? 


4. Does the computer simulation 
provide critical feedback effects of de- 
cision making which can be used by the 
trainee to regulate future performance? 

To us, the last question is the most 
significant. We believe that these games 
provide only the most general knowledge 
of success or failure in the final score 
and no real differential feedback to the 
decision maker, inasmuch as those who 
plan the game do not disclose the de- 
tailed structure of their arbitrary value 
system. The computer score in itself does 
not provide enough information to assess 
the quality of a decision. These games 
do give executives some experience in 
computer technology and in conven- 
tional ways of handling problems, but 
they give no training in handling new 
problems or in handling old problems in 
new ways. If creative thinking is called 
for, the bases of the decisions cannot be 
programed. It seems ironical to use com- 
puters to train men in the routine type 
of decision making which inevitably will 
be automated. 


RESEARCH ON GROUP 
PERFORMANCE AND LEARNING 


The techniques of management train- 
ing attempt to enhance the effectiveness 
of a group or team engaged in a com- 
mon enterprise. Relevant to this effort 
are studies exploring the relationships 
between group organization and learning 
or training. 


Leadership Structure 
and Performance 


The early study of Lewin et al. 
(1939) and Lippitt and White (1952) 
compared the behavior and effectiveness 
of voluntary boys’ clubs under varied 
types of leadership—authoritarian, dem- 


— 
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ocratic, and laissez-faire. Young men 
were trained in the three styles of leader- 
ship and then shifted from one to an- 
other as they rotated among the boys’ 
clubs. It was found that the coercive 
procedures of the authoritarian clubs 
maintained a high level of production 
while the leader was present, but when 
he left, the boys stopped working. These 
boys were dissatisfied with their club; 
some of them became overly submissive 
and some became aggressive. Demo- 
cratic leadership produced a happier 
atmosphere in which members worked 
even when the leader was gone. Laissez- 
faire groups were poorest both in pro- 
duction and in morale. 

A variation of this study of leadership 
styles is to analyze how group partici- 
pation in decision making affects morale 
and performance. The assumption is that 
group interaction in discussion followed 
by decision making is more effective in 
modifying attitudes and performance 
than authoritative or didactic techniques 
such as lectures. A study by Coch and 
French (1948) in an industrial setting 
provided supporting evidence. To initi- 
ate some changes in factory procedures, 
a control group of workers was taught 
the new methods. In the experimental 
groups, the workers or their representa- 
tives were permitted to discuss the 
changes and to participate in the deci- 
sions. Typical resistance to change was 
encountered in the control group but not 
among the participating groups: Fur- 
thermore, the participating groups in- 
Creased _ their production after the 
changes while the control group did not. 
Lawrence and Smith (1955), however, 
questioned the interpretation that verbal 
discussion in itself caused the noted 
improvement. They designed an experi- 
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ment which found that worker groups 
who jointly set production goals in- 
creased their production level signifi- 
cantly whereas groups who simply par- 
ticipated in discussions did not improve. 

All of these studies and others indicate 
that in the long run it is advantageous 
for members of work groups to partici- 
pate in planning the pattern of activity 
and control. However, this is not to say 
that all members of groups should have 
equivalent functions or that no leader- 
ship is necessary. On the contrary, effec- 
tive group action depends on the differ- 
entiation of specialized roles, and such 
specialization develops readily even 
when it is not imposed on a group from 
without. For example, Bales (1955) 
showed how leadership and other roles 
emerge in discussion groups which are 
made up originally of equivalent mem- 
bers. 

In free group situations, role differ- 
entiation depends primarily on the spe- 
cialized abilities and personality features 
of individuals, but in more rigid situa- 
tions, leadership may be imposed on a 
group or may develop as a result of 
certain organizational factors such as 
the access to information and channels 
of communication. 


Communication Nets 

One type of experiment on the rela- 
tion of group organization to perform- 
ance and learning studies the effects of 
different patterns of communication 
(Bavelas, 1948). The first studies de- 
scribed by Bavelas (1950) and Leavitt 
(1951) compared the problem-solving 
efficiency of five-member groups who 
could communicate with each other in 
different rigidly defined patterns. The 
subjects were isolated from each other 
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by partitions, some of which contained 
slots which provided two-way communi- 
cation channels. The four original pat- 
terns used were a circle, chain, wheel, 
and Y, as shown in Figure 9.2. Each of 
the five subjects was given specific in- 
formation which would help solve a 
simple problem. 

The original results showed a clear 
differentiation among the nets when 
judged for the speed with which they 
developed their organization and the 
satisfaction of the members. In decreas- 
ing order, the nets ranked wheel, Y, 


Figure 9.2. 
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chain, and circle, that is, from the most 
centralized to the least centralized. They 
did not differ clearly in terms of speed 
of problem solving or learning rate, but 
the circle used more messages and made 
more errors. The centralized nets agreed 
that their leader was the central person 
who had to receive and transmit the 
most information. 

The many studies of communication 
nets since those first reports have shown 
that the relationships are not as simple 
as they first appeared to be. In review- 
ing the literature, Glanzer and Glaser 


The communication nets or patterns used originally by Leavitt 


to study the effects of pattern on performance and learning: chain, wheel, Y, and 
circle. The circle used the most messages and the wheel used the fewest. (Based 


on Leavitt. Some effects of certain Communication patterns on group performance. 
J. abnorm, soc. Psychol., 1951, 46, 38-50.) 
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introducing 


(1961) pointed out how 
the original 


new variables or changing 
experimental design often changed the 
nature of the findings. The only general 
conclusion that can be drawn is that no 
one communication net is the best for all 
situations, for the relative efficiency de- 
pends on the characteristics of the task. 
Communication net research originally 
appeared to offer an objective technique 
for studying some of the complicated 
interactions in working groups. but the 
over-all results of analyzing these arti- 
ficial nets are disappointing. 


Research on Integrated 
Team Performance 

The operations of work groups or 
teams require many different levels of 
organization and_ integration. To use 
athletic teams as examples. a swimming 
team represents essentially a collection 
of individual swimmers whereas a bas- 
ketball team is a highly integrated group 
in which every member controls his ac- 
tions according to the actions of the 
other members as well as those of the 
other team. An integrated team presents 
special training problems in that it must 
develop precise spatial and temporal pat- 
terns of action in order to function 
effectively. Recently there have been 
several attempts to lay the groundwork 


research on integrated 


for training 
teams. 

On the basis of observations of several 

avy teams in action, Glanzer (1962) 
Noted that a team usually has indistinct 
boundaries, borderline members, over- 
lapping membership with other teams, 
and relationships with larger patterns 
of organized control. A fairly large team 
may be made up of subsidiary function- 
ing units, and its over-all structure may 
change markedly to meet the demands 
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of different kinds of problems. It was 
difficult to summarize team interactions 
in any systematic manner, and the rate 
of interaction of a particular member 
was not related to his importance. In 
some cases. centralization of power was 
distinct from centralization of communi- 
cation. The supervisor tended to stay 
aloof from the team’s interactions until 
an error or difficulty occurred. However, 
a supervisor who could not see all of the 
team’s activities might need a central- 
ized communication pattern to keep 
track of everything. Glanzer suggested 
that the so-called democratic or decen- 
tralized structure is appropriate for an 
integrated team only when the entire 
system is visible to the responsible super- 
visor. 

Glanzer found that team action even 
in busy teams usually reduced at any 
one time to the actions of about two in- 
dividuals working in coordination. Thus 
he felt that most team training is un- 
necessary and that training time might 
better be spent training individuals to 
perform their specialized roles. How- 
ever, he recognized the fact that there 
are cues for action in a team situation 
which may be impossible to identify and 
reproduce for individual training. Such 
cues might arise from specialized actions 
of other team members or from a series 


of events that prepares the individual 


for an eventual response. 

In our opinion, the need for team 
training also depends on the degree of 
precision required in coordinate team 
actions. A symphony orchestra or an 
athletic team engaged in coordinate play 
needs continuous team training to per- 
form effectively. Even when the pattern 
of activity is relatively simple and stand- 
ardized, the required coordinate pre- 
cision dictates the need for team train- 
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ing. The crew of a racing shell all per- 
form the same standardized, repetitive 
movements, yet their effectiveness de- 
pends on training as a team. 

What team training really amounts 
to—as Glanzer would agree—is training 
individuals to control their performances 
according to specialized feedback pat- 
terns, but in the case of integrated teams, 
some of the most significant controlling 
feedback effects are generated by the 
action of the team and cannot be re- 
produced in another setting. A recent 
experimental approach to the problems 
of team training is to analyze the ef- 
fects of varying the kind of feedback 
provided to team members, Hall (1957) 
and Rosenberg and Hall (1958) re. 
quired a number of two-man teams to 
perform simple tasks, such as turning a 
knob four turns, Each subject sat at a 
different desk with his own knob and re- 
ceived feedback regarding the number 
of turns. He might receive direct feed. 
back from his own actions; 
receive confounded feedback, 
a function of his own and the 
ject’s responses; or he might receive 
only the feedback from the other’s re. 
sponses. As might be expected, direct 
feedback produced the b 
but with confounded feedback, the two 
subjects were able to produce an ac. 
curate average score by learning a com- 
pensatory pattern in which one subject 
might turn his knob twice while the 
other turned his six times, No improve- 
ment occurred when they received onl 
the other’s feedback, but under this con- 
dition, the greatest role differentiation 


occurred. Without adequate feedback 
with which to control 


he might 
which was 
other sub. 


est learning, 


an effective per- 
formance, the subjects looked elsewhere 
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for guidance—to the interpersonal re- 
lationships that could be established. 
Zajonc (1962) used a group reaction 
time apparatus to measure the success 
of groups and individuals under con- 
ditions of direct and confounded feed- 
back. Ten seven-man groups were tested 
under each condition. He found that per- 
formance improved the most when the 
individuals received feedback concerning 
the performance of all members and of 
the group as a whole. Only slight im- 


provement occurred with confounded 
feedback, 


Cybernetic Approach 
to Group Training 
Although much of the early work in 


group dynamics bore the 


imprint of 
Lewin’s ( 


1944) special orientation to 
psychological theory, the most promi- 
nent point of view in more recent re- 
search has been that of conventional re- 
inforcement learning theory emphasizing 
Social motives and the reinforcements 
available in group behavior. However, 
the high degree of specialization that can 
characterize group roles is extremely 
difficult to explain in terms of such 
relatively undifferent 
filiation Motives, anx 
reinforcement, 


jated events as af- 
iety reduction, and 


It is more meaningful to think of the 
probl 


learni 
anism 


Ganized feedback 


patterns which origi- 
nate internally wi 


thin the group activi- 
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ties or from sources external to the 
group. Such an approach to group be- 
havior leads to more meaningful hy- 
potheses and investigations than the 
conventional learning approach, for the 
significant variables in feedback con- 
trol are highly articulated, can be de- 
fined objectively, and are subject to 
precise systematic control. In contrast, 
such variables as social motives, at- 
titudes, likes and dislikes, and rein- 
forcements are elusive concepts that can 
be identified and defined only in terms 
of events that already have occurred. 

It appears to us curious and disturb- 
ing that those psychologists who are 
making the most original and promising 
attacks on group-learning phenomena 
Investigate cybernetic variables but then 
turn around and identify themselves with 
the conventional _ reinforcement ap- 
Proach. Glanzer (1962), for example, 
equates feedback with reinforcement and 
assumes that any investigation of feed- 
back control is within the area of re- 
inforcement learning theory. As we 
Pointed out in Chapter 8, feedback and 
reinforcement are incompatible concepts, 
and describing feedback control as a 
type of reinforcement learning only con- 
uses the issue. 

In our own cybernetic interpretation, 
the essential feature of group behavior 
4s integrative interaction and coordina- 
Hon of individual response into more 
Complex group behavior patterns that 
are controlled by internal and external 
feedback. Internal control is effected by 
verbal and nonverbal communication 
and by use of multimanned tools and 
machines, External feedback control re- 
lates the group to the social and physi- 
cal evironment. Internal feedback regu- 
lates the internal organization of the 
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group whereas external feedback regu- 
lates the group in relation to other 
groups and individuals and to the en- 
vironment generally. 

The cybernetic design of any given 
group depends on both the internal and 
external patterns of feedback control 
that define its operations. Some groups 
react almost completely in terms of in- 
ternal feedback during particular opera- 
tional sequences. A performing or- 
chestra, for example, is sensitive to only 
unusual external events while playing. 
In industry, many subgroups at the pro- 
duction level operate for periods of time 
in terms of internal control, but manage- 
ment groups are oriented toward ex- 
ternal feedback constantly. They must 
sell their product, maintain good rela- 
tions with the union, project a good 
public image, and so on. 

Internal and external feedback con- 
trol of group activities is mediated by 
the specialized roles of different mem- 
bers, including leaders. One leadership 
function is to relate the critical instru- 
mental or communicative activity of the 
group with the environment. The more 
diversified and complex the group’s 
operations are, the greater the signifi- 
cance of this leadership function. In 
some highly specialized groups which 
exhibit precise internal feedback con- 
trol, another leadership role is required. 
An orchestra, for example, needs a con- 
ductor, and a surgical team needs a head 
surgeon. This type of leader functions 
mainly to coordinate intergroup actions. 
Other specialization of action within a 
functioning group is defined by division 
of labor, by hierarchical structure of the 
different tasks, and by special instru- 
The 


members of a work group or team vary 


mental and machine functions. 
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not only in their specialized tasks, but 
also in their relative importance and 
responsibility to determine over-all group 
action. Training is needed to discover 
the potentialities of individuals at dif- 
ferent levels of responsibility as well as 
to refine their specific activities. Train- 
ing is needed also to establish coordi- 
nated patterns of action that enable the 
group to perform safely and to meet 
emergencies. 

The dimensions of organization 
within a group—division of labor; 
stratification of roles and responsibility ; 
verbal and nonverbal communication; 
integrative instrumental actions; and 
supervisory, headship, and leadership 
authority—are determined by the feed- 
back parameters necessary to effect self- 
regulation both internally and externally. 
Patterns of group behavior are analo- 
gous to feedback regulation of behavior 
in the individual. Each specific role or 
task or operation achieves some phase 
of dynamic generation of directional 
action, some sensing and perceptual 
function, or some regulatory control of 
response in order to make the group 
Operate as a unit. In complex groups, 
individual roles may represent limited 
aspects of over-all cybernetic control. 

As in the case of individual behavior, 
the internal and external feedback effects 
that govern the behavior of a group may 
be delayed, spatially displayed, distorted, 
kinetically modulated, or transformed 
instrumentally or symbolically. In the 
course of group action, interaction, and 
information processing, many  trans- 
formations of feedback control are in- 
evitable. One function of group training 
is to identify feedback delays and dis- 


tortions and to reduce perturbations of 
control to a minimum. 
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REHABILITATIVE TRAINING 


There are many people in the world 
who for one reason or another never 
have learned or have lost the ability 
to exercise satisfactory control over their 
own behavior in relation to their physi- 
cal or social milieu. These include indi- 
viduals of all ages, of all levels of ability 
and education, and from all walks of 
life. They include the mental hospital 
patient, the retarded child, the child who 
cannot read, the neurologically injured, 
the delinquent, and the unemployed. 
These people represent many different 
problems and many different needs, but 
they have one thing in common—a fail- 
ure in behavioral control so serious that 
it affects their whole life pattern. 

The needs of handicapped individuals 
are very different, because their failures 
in control are at different levels of be- 
havior organization. Whereas the spastic 
child’s failure may he in basic movement 
coordinations, and the economically de- 
pressed worker’s in the realm of com- 
plicated work skills, the neurotic indi- 
vidual’s failure may be at the social 
level. On the other hand, an individual 
may be handicapped because his par- 
ticular pattern of behavior skills does 
not fit his social or cultural context. 
Thus rehabilitative training to be effec- 
tive should prepare the individual for a 
situation that really exists—for a job 
that actually is available, or a social 
context that is open to him, 

In this section w 
of the trainin 


I 


e shall consider some 
g techniques that have 
been used in different problem areas. We 
believe that some techniques conform 
more to conventional learning theory 


approaches, which consider extrinsic re- 


inforcements and drive-reduction the 
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prime requisites of training. while others 
focus on intrinsic feedback mechanisms 
of control. According to this latter cy- 
bernetic point of view. rehabilitative 
training should enable the individual to 
establish effective control at the level 
of his greatest need—at the level where 
he has failed. 


Neuropsychological Handicaps 


Many different kinds of neuropsycho- 
logical disorders handicap individuals in 
making normal adjustments to social liv- 
ing. These include sensory, motor, and 
skill deficiencies arising either from dis- 
ease or injury or from atypical or retard- 
ing conditions of development. Among 
the more severe limitations are those re- 
lated to mental retardation and gen- 
eralized neurological and neurohormonal 
diseases and injuries. More specific de- 
ficiencies include defects of vision and 
hearing and motor limitations from 
physical injury. Less precisely defined 
are developmental deficiencies in speech, 
reading, writing, and spelling. 

Conventional learning concepts are 
applied to training in some of these 
areas—usually those in which the nature 
of the defect or injury cannot be identi- 
fied precisely. In such specific deficien- 
“les as blindness, deafness, and _par- 
Hal paralysis, concepts of learning by as- 
Sociation, conditioning, or the effects of 
reinforcement are patently inappropri- 
ate. When an individual lacks normal 
sensorimotor mechanisms, one tries to 
find some means of providing him with 
differential feedback from his own re- 
Sponses by means of which he can learn 
to control them. 

. One of the best examples of establish- 
ing substitute feedback control can be 
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found in training programs for the deaf. 
Completely deaf individuals can be 
taught to speak by using tactual and 
visual feedback. They feel the vibrations 
made by their own vocal cords, watch 
the speech movements of others, and can 
learn very precise vocal control by com- 
paring visual records of their own 
speech sounds with records made by 
hearing individuals. Both in the use of 
visible speech by the deaf and tactual 
and sonic methods of control by the 
blind, the crucial factor involved is the 
establishment of feedback 
Similarly, a hemiplegic can be trained 
to walk in a fairly normal fashion if 
some substitute feedback signal is sup- 
plied to inform him of the action of his 


control. 


defective leg. 

The situation is somewhat different 
with respect to such developmental prob- 
lems as defective speech, reading, or 
writing. In cases where the source of the 
deficiency cannot be identified, training 
procedures usually have conformed to 
conventional learning theory as spe- 
clinical-psychometric 
is that the 
underlying 


cialized along 
lines. The usual assumption 
skill defect is due to some 
emotional or anxiety factor 
be reduced by psychotherapy and tender 
loving care. Training programs of this 
sort have had limited success, and it is 
impossible to say whether their successes 


which can 


have been due to reinforcement con- 
trolled learning, the reduction of anxiety, 
or in fact to the establishment of effec- 
tive patterns of control by systematic 
practice and drill. 

Another approach to the treatment of 
such functional disorders in educational 
skills is to assume that they may involve 
gross deficiencies in perceptual-motor 
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control that may have arisen earlier in 
development than the specific disorder 
being treated. There is evidence that in- 
adequate control over postural coordina- 
tions, patterns of locomotion, limb 
transport movements, and bilateral co- 
ordination of bipedal and bimanual 
activities are important contributing 
factors—perhaps the most important— 
to serious deficiencies in speech, reading, 
and writing. Delacato (1963) has re- 
ported success in treating reading dis- 
orders by techniques that are designed 
to perfect basic body skills and to estab- 
lish definite lateral dominance. These 
techniques are used as well to treat 
children with gross perceptual-motor 
disorders such as might result from 
birth injuries. The effect of such tech- 
niques is not only to repair develop- 
mental deficiencies in basic body move- 
ments and coordinations, but also to 
build the dynamic movement-generation 
resources of the individual for per- 
ceptual and movement control. 

Our cybernetic view that perception 
is a dynamic space-structured activity 
dependent on intrinsic generation of 
both sensitizing and directional move- 
ments of receptor systems has certain 
definite implications for training. First, 
the individual must be developed, aided, 
and instructed as a self-governing sen- 
sory-feedback control system. Second, 
the capacity for control rests on dynamic 
generation of sensitizing and direction- 
ally integrated movements, which are 
governed by immediate feedback from 
both exteroceptive and proprioceptive 
sources. Third, organized control in- 
volves integration of posture and trans- 
port movements with articulated per- 
ceptual-motor Fourth, the 
purpose of training is to establish or 


activities. 
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improve the coordinate space relation- 
ships between the sensory and motor 
systems for all levels of movement con- 
trol and integration. 

A final training principle is this: pat- 
terns of behavioral control are meaning- 
ful only insofar as they have social 
utility—insofar as they can be used to 
help the individual adjust to his particu- 
lar social context. Retarded individuals, 
for example, not only need special train- 
ing to help them master patterns of 
living and work skills within their range 
of abilities but also need to be located 
in a context where their limited behavior 
resources are appropriate and thus rep- 
resent a measure of control. 

Many mentally retarded persons can 
be trained to lead fairly normal lives 
and to support themselves at least in 
part in protected workshops or simple 
jobs. A program described by Patrick 
(1960) selects retardees who are eight- 
een to thirty-five years of age and have 
an IQ between fifty and seventy-five. 
They are trained in general work habits, 
such as punctuality, reliability, per- 
severance, speed, accuracy, and coopera- 
tive spirit, as well as in simple work 
skills. Special classes taught by volun- 
teers deal with such subjects as time 
scheduling, handling money, and per- 
sonal hygiene. After demonstrating some 
competence, trainees are placed, when 
possible, in an actual work situation in 
some department of the center to expose 
them to working with regular employees. 
They are paid for their work and after 
several months are able to work six or 
seven hours per day. The last phase of 
the program consists of group discus- 
sions regarding future employment. This 
program was said to be around fifty per- 
cent successful in placing trainees. An- 
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other twenty-five percent were placed in 
a sheltered setting and the remainder 
were returned home. 


Psychotherapy and Behavior 
Disorders 

One of the major challenges of psy- 
chology is to develop truly rehabilita- 
tive procedures for treating behavior 
disorders and mental illness. Up to now, 
the major effort of professional psy- 
chologists in this area has been psycho- 
therapy—the verbal approach to be- 
havior disorder. This is an extrinsic 
approach to training or reeducation, for 
it attempts to deal with hidden motivat- 
ing conditions which are outside the 
disturbed behavior patterns themselves. 
Tt also is a learning theory approach, for 
the disordered behavior is assumed to 
be learned and—hopefully—unlearned 
according to the drive-drive reduction 
model, 

The widespread belief that psycho- 
therapy is a successful scientific tech- 
Mique for treating all varieties of 
ehavior disorder has little basis in 
established fact. Methods used to assess 
ifferent forms of psychotherapy or to 
ee the changes in behavior pro- 
Yeed by therapy include use of psycho- 
gical personality tests, content analysis 
of Speech (Mahl, 1956; Rogers, 1959), 
and Tecording of autonomic and somatic 
o_o during therapy (Sainsbury, 
955). Studies using the Minnesota 
stultiphasic Personality Test as a criter- 
ton measure reported limited effects of 
therapy (Welsh and Dahlstrom, 1956), 
ut other psychometric appraisals have 
en generally inconclusive, as are the 
Content analyses of speech. Data ob- 
tained from recording autonomic-psy- 
chophysiological reactions are difficult 
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to interpret and of little value as crite- 
rion measures (Lacy, 1959). 

One of the best evaluative studies was 
reported by Barron (1956), who studied 
thirty-three neurotic adults. About half 
of the patients were judged to have im- 
proved after six months of psycho- 
therapy. This study indicated that the 
effects of therapy depended on the pat- 
tern of interpersonal relationships be- 
tween the therapist and the patient. 

Attempts to evaluate the use of psy- 
chotherapy with psychotic patients in 
mental hospitals indicate that it is rela- 
tively ineffective with psychotics except 
the very young, who sometimes recover 
without special treatment. Psychotherapy 
is especially limited in dealing with de- 
pressions or confused states and with 
elderly patients, who are inaccessible to 
the verbal approach. Group psycho- 
therapy appears effective in the hospital 
setting inasmuch as it brings patients 
together and energizes them to do some- 
thing about their problems. 

It is becoming increasingly apparent 
that the processes of psychotherapy are 
not accessible to scientific analysis by 
means of controlled experiments. It ap- 
pears to be impossible to design an ex- 
periment with double-blind controls such 
as are deemed necessary in evaluating 
drug treatment of behavior disorders. A 
recent authoritative summary of re- 
search findings relative to the treatment 
validity of psychotherapy offers no con- 
clusive evidence that would contradict 
this opinion (Rubinstein and Parloff, 
1959). Snyder’s (1959) statement that 
the personality and actions of the thera- 
pist have more significance than the par- 
ticular therapeutic technique is a fitting 
appraisal—possibly as good an appraisal 
as we are likely to get. Our opinion is 
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that psychotherapy should be regarded 
as a private interpersonal reaction akin 
to other intimate human relationships. 
They cannot be defined objectively and 
thus should acquire no status as a sci- 
entific form of treatment. 

Although psychotherapy does not 
seem to be accessible to direct scientific 
experimentation, it is subject to gen- 
eral analysis as a social process and a 
means of controlling the behavior of 
emotionally disturbed persons. It ap- 
pears to enjoy its greatest success with 
educated and highly verbal people who 
welcome the opportunity to learn some- 
thing about the type of psychological 
analysis and theoretical concepts that 
form the basis of the treatment. Many 
people find emotional relief in this kind 
of psychologizing about mental life and 
form strong attachments to their psy- 
chotherapist. Whether these bonds are 
always broken down by transference is 
not clear. 

In some cases, there are specific posi- 
tive feedback effects of psychotherapy. 
For example, giving verbal assurance 
to individuals suffering anxiety attacks 
often relieves the over-all psychophysio- 
logical symptoms. However, this function 
of psychotherapy is performed more 
quickly and economically by fast-acting 
tranquilizing drugs that can be pre- 
scribed by any physician. 

In industrial and educational situa- 
tions, psychotherapy and counseling are 
used for training, disciplinary, and custo- 
dial programs (Arbuckle and Gordon, 
1949; McAtee, 1951; Weider, 1947). In 
these contexts, psychotherapy provides 
psychiatric __ restraint, informational 
training and some supportive service to 
the emotionally disturbed student or 
worker. The positive effects of such 


CONTEMPORARY TRAINING ISSUES 


programs seem to depend almost en- 
tirely on the help given the individual 
in finding a career or in maintaining 
a satisfactory level of work. Even though 
failure to profit from counseling and 
psychotherapy in industry typically 
means loss of a job, these programs in- 
corporate no meaningful concepts of 
work design or training design. The 
emphasis is on getting along with the 
supervisor or with other workers rather 
than in self-regulation of activity. 

By and large, the positive effects of 
psychotherapy fall principally within the 
realm of information training wherein 
the psychotherapist gives information 
and suggestions about vocational in- 
terests and abilities, social skills, work 
responsibilities, and psychological con- 
cepts. Except for the excursion into 
psychological theory, these same services 
are given by vocational counselors. In 
summary, then, we would say that most 
of the positive functions of psycho- 
therapy can be performed by other tech- 
niques—drugs and counseling, in par- 
ticular. This conclusion in itself would 
not reflect on the status of psychotherapy 
as a mode of treatment, but there are 
serious limitations inherent in the psy- 
chotherapeutic procedure which do re- 
flect on its status. 

The most obvious limitations of psy- 
chotherapy are the cost and time in- 
volved. These restrict the technique 
largely to educated people in the upper 
income categories. Nondirective and 
brief therapy have been used to some 
extent in reform schools, minimum 
security prisons for adolescents and 
young adults, and certain other public 
institutions; but of the total population 
of emotionally disturbed people, only a 
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few can tolerate the costs of psycho- 
therapy in any form. 
more serious limitation on the use 

of psychotherapy stems from its inac- 
cessibility to most individuals regardless 
of the cost problem. Davis (1938), 
Meyers and Shaffer (1945), and Holl- 
ingshead and Redlich (1958) have 
established in different decades and 
places that the application of psycho- 
therapy in public clinics and hospitals 
1s discriminatory. These studies indi- 
cated that as a rule only educated and 
skilled persons can establish a relation- 
ship with a therapist conducive to treat- 
ment. Psychiatrists and therapists gen- 
erally express quite negative attitudes 
toward persons in the lower occupational 
classes (Hollingshead and Redlich, 
1958), 

Discriminatory use of the accepted 
treatment for behavior disorders has 
ad Senerally negative implications for 
‘ntreated individuals, for up until the 
discovery of the psychoactive drugs, the 
only alternative to successful treatment 
of Serious disorders was custodial care 
in an institution. Individuals brought 
fore courts often have been assigned 
to mental hospitals on the basis of a 
Psychiatric interview of less than an 
ee duration. In this time, an indi- 

ual could be institutionalized in spite 
of the fact that psychologists and psy- 
chiatrists neither have reached an agree- 
Ment on a definition of mental illness 
— have been able to measure it objec- 
'vely (Scott, 1958). Consequently, peo- 
Ple are placed in legal custody by means 
ris Process that has no objective stand- 
one scientifically defined concepts 
eae 1s ee best an interpersonal communi- 

We interchange. 

ustodial care in many cases has 
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served only to intensify the behavioral 
disorganization that originated outside 
the institution. Few patients in public 
mental hospitals receive psychotherapy, 
for most of these patient are individuals 
who have not profited from or who are 
inaccessible to treatment. Most patients 
with functional disorders are relatively 
uneducated persons from the semiskilled 
and unskilled occupational groups 
(Pasamanick et al., 1959) who are rarely 
if ever treated by sustained psycho- 
therapy. Further, there is evidence 
(Greenblatt, 1959) that the severe symp- 
toms of mental illness—hallucinations, 
manias, catatonic postures, and regres- 
sive states—usually are hospital-induced 
effects of the extreme isolation of the 
patient from occupational, family, and 
community activity. 

The isolation and extreme restriction 
of activity even in modern hospitals ap- 
pears to be the worst possible context 
within which to reorganize the behavior 
patterns of a disturbed individual. Yet 
the concepts of psychotherapy set no 
standards of human, educational, occu- 
pational, or social design. Emphasizing 
as they do internal mental states and 
conflicts, psychiatrists and clinical psy- 
chologists rarely have taken steps to 
provide such basic human resources as 
libraries. schools, training courses, or 
job opportunities for hospitalized pa- 
tients. Recently such facilities have been 
introduced into some of our mental 
hospitals, but the way was paved for 
their utilization not by psychotherapy 
but by the psychoactive drugs. 

The psychoactive drugs do not cure 
the individual, but by alleviating some 
of the symptoms induced by the sensory 
deprivation, activity restriction, and 
custodial isolation of the hospital en- 
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vironment, they enable him to recover 
some of his resources and make him 
receptive to truly rehabilitative pro- 
cedures. It is significant that if the indi- 
vidual can be gotten out of the hospital, 
the dosage level of drugs needed to 
sustain him usually can be reduced. 
Our own over-all assessment of psy- 
chotherapy is that it is a current fad of 
the educated classes based more on faith 
and on beliefs than on objective facts, 
and that many of the beliefs are in the 
nature of misconceptions. One is that the 
technique is modern; rather, the tech- 
nique of talking out guilt feelings is as 
old as religion. The belief that science 
has substantiated psychotherapy is un- 
founded; the percentage of people who 
benefit from the procedure is about the 
same as the number experiencing relief 
from placebos. The belief that psycho- 
therapy can provide dramatic cures of 
personality disorders cannot be docu- 
mented. The belief that the psychothera- 
pist is benevolent and supportive in his 
attitudes is weakened by his failure to 
establish rapport with lower class indi- 
viduals and by his administrative func- 
tion of specifying institutional custody 
for those who do not benefit quickly 
from psychotherapy. Thus, the end re- 
sult of relying on psychotherapy as the 
specific treatment for behavior dis- 
orders might be to induce more dis- 
turbances than are relieved. Finally, the 
belief that psychotherapy can establish 
a design for living is unrealistic, for 
clinical concepts and procedures have 
not been influenced in any way by ad- 
vances in technology, art, human engi- 
neering, or any other developing phase 
of human culture. In general, the verbal 
procedures of psychotherapy are most 
meaningful when they are combined 
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with more fundamental rehabilitative 
techniques designed to help the indi- 
vidual reestablish effective control of 
his behavior in a normal social context. 


Rehabilitation 
for Behavior Disorders 

A cybernetic approach to the behavior 
disorders emphasizes the importance of 
self-regulation of activity at all levels 
of behavior organization. For emotion- 
ally disturbed persons and other be- 
havior disorders, the failure in control 
typically is in the family situation or at 
an occupational or social level. Such a 
person possesses skills and language 
resources but needs help in_ utilizing 
these skills in social situations. Inasmuch 
as the severe symptoms of behavior dis- 
orders may very likely be produced by 
institutional custody or the social isola- 
tion imposed on disturbed or limited 
individuals, initial efforts should be 
made to enlarge their scope of activity 
and to keep them out of custodial in- 
stitutions. Such individuals need help in 
increasing their resources in self-regula- 
tion not only in finding and keeping a 
job, but in maintaining their social and 
emotional control. 

Results of occupational rehabilitation 
programs provide supporting evidence 
for a cybernetic interpretation of be- 
havior disorder. We interpret the prac- 
tices in this field as being based in part 
on feedback concepts, for the effort is to 
increase the basic movement, skill, and 
social resources of the patient and to 
relieve his emotional problems by im- 
proving his capacity for self-regulation. 

Occupational rehabilitation goes be- 
yond the older concept of occupational 
therapy in that it strives to establish the 
individual in a gainful occupation rather 
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than looking on the work activity merely 
as a form of therapy. Activities that 
sometimes are offered patients as occupa- 
tional therapy may have no meaning be- 
yond keeping them occupied within the 
custodial setting. This type of activity 
may help to relieve symptoms induced 
by the restricted environment, but does 
not reorganize their resources for life 
outside the institution. In contrast, true 
Occupational rehabilitation is based on 
meaningful daily activity leading to 
regular paid jobs. 
_ The effectiveness of work rehabilita- 
tion has been reported in a number of 
recent studies, some of which describe 
Successful results in hospital work pro- 
grams in spite of the fact that mental 
hospitals are poorly designed for such 
Programs (Landy and Raulet, 1959). 
Chittick et al. (1961) used the follow- 
ing techniques in an extensive work- 
Oriented hospital program for older, 
Severely disturbed schizophrenics: (1) 
pe use of psychoactive drugs; (2) 
- axed ward care; (3) group therapy; 
graded privileges adjusted to ability 
anel s responsibility ; (5) occupa- 
in al activity in assigned tasks in mak- 
hl eae preparing meals, making 
Visalia and so on; (6) industrial ac- 
Y consisting of formal paid assign- 
ents in the hospital; (7) vocational 
bene and (8) establishing lines of 
eae nigra between the hospital and 
munity and generating community 
he in the patients’ interests. The 
leds of this program as reflected in 
arge figures for the first group of 
patients are summarized in Figure 
ae Zn two years, more than eighty per- 
the these patients were released from 
= ospital—a remarkable achievement 
patients who were representative of 
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Figure 9.3. The success of a hospital work 
program in rehabilitating elderly, severely dis- 
turbed schizophrenics. Eighty percent of the 
first 275 patients in the program were dis- 
charged within two years. (Data from Chittick 
et al. The Vermont story: rehabilitation of 
chronic schizophrenic patients. Burlington, Vt.: 
Queen City Printers, 1961.) 


the most hopeless group in the hospital. 
Wolfe (1961) employed procedures 
of occupational retraining oriented to- 
ward reestablishment of lost work skills 
with patients previously classed as 
chronic and nearly hopeless. Of eighty- 
nine who were rehabilitated successfully, 
eleven had been in the mental hospital 
more than ten years, twenty between five 
and ten years, and thirty-two between 
one and five years. Seventy-three of 
these eighty-nine patients were still suc- 
cessfully employed after two years, at 
weekly wages ranging between forty 
and one hundred dollars. Of the sixteen 
who were unsuccessful, were 
judged to have been unready for place- 
ment and five were placed unsuitably. 
A survey of the employment status of 
atients released from mental hospitals 
reported by Olshansky et al. (1960) 
indicated that patients have less difficulty 
in work roles than in social and family 
roles. For many patients, work provides 


seven 


242 


the only connection with the community 
and constitutes their main bulwark 
against recurrence of disorganized be- 
havior and return to the mental hospital. 

The protected workshop for mental 
patients or patients with chronic physical 
disability is built to operate like a small 
industry. Its aim is to return the patient 
to full-time independent work. In Altro 
Workshop of New York City, which is 
coordinated with state services and the 
city’s welfare division, patients spend 
full days at work but alternate work 
with rest as their condition demands. 
Nonuniformed nurses monitor the 
health of patients, who work under spe- 
cially trained and experienced super- 
vision. Black (1959) has reported that 
Altro Services achieve eighty-seven per- 
cent rehabilitation, as judged by work- 
shop graduates who maintain themselves 
with nothing more than medical super- 
vision and occasional counseling and 
psychotherapy. Fifty-three percent get 
along without even this outpatient care. 
These are remarkable figures in view of 
the fact that the patients accepted in the 
program had been judged by experts to 
be in the bottom five percent of those 
likely to profit by occupational _re- 
habilitation. Meyer and Borgatta (1959) 
studied a group of Altro patients who 
did not complete the program and con- 
cluded that even limited industrial re- 
training may prevent recommitment to 
a mental hospital by establishing regu- 
larized normal adult activities. 

The main barrier to more complete 
success of occupational rehabilitation 
programs is the placement of the indi- 
vidual after training. Many individuals 
who have spent a major part of their 
lives in the mental hospital respond to 
the rehabilitative practices and could be- 
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gin to live again if only jobs could be 
found to sustain them. According to 
Cohen (1963) and Olshansky (1959), 
the potential of occupational rehabilita- 
tion for controlling the blight of mental 
illness is limited mainly by the reluc- 
tance of employers to give jobs to former 
patients. 

We thus meet in the occupational re- 
habilitation field the same problem that 
is encountered in training programs for 
the handicapped. Although daily work is 
an essential part of human design for 
living, it is not always an accessible part. 
Inasmuch as regular employment figures 
decisively in maintaining both physical 
and mental health, training design, edu- 
cational design, and social design 
should incorporate that principle. 


SUMMARY 


I. Approaches to the many training 
problems of society emphasize either 
extrinsic factors, such as the motives 
and reinforcements of conventional 
learning theory and psychotherapy, oF 
factors intrinsic to the behavior being 
trained, such as the feedback-control 
mechanisms of our cybernetic approach. 

2. Industrial training emphasizes inte- 
grated visual-verbal techniques but with- 
out adequate validation of the pro- 
cedures. Training programs usually are 
firm-oriented than worker-ori- 
ented. 

3. A conventional training program 
reduced training time by using stand- 
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ardized lessons, speed-up, and incentives, 
but three-fourths of the trainees were 
dropped before finishing and the rest 
did not transfer their production rates 
to shop work. 

4. In contrast, a training program 
which emphasized worker control of 
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activity achieved high production rates 
and maintained them without direct 
supervisory control of the work group. 

5. Sensitivity training is supposed to 
make management personnel more sensi- 
ve to their own influence on group 
effectiveness and to promote harmony. 

6. Computer games are programed on 
the basis of an arbitrary enterprise 
model to train management personnel 
to make decisions about running a 
business. Team scores are computed by 
testing their actions against the true 
decisions of the computer. 

7. Computer games concentrate wide 
€xperience in executive decision making 
into a short training period but are 
likely to promote oversimplified ways 
of dealing with complex problems. They 
neither provide adequate differential 
feedback about how the computer evalu- 
ates decisions nor can they train creative 
thinking, 

8. Studies have indicated that group 
Morale and productivity are higher over 
all when the members can participate 

“Mocratically in planning procedures 
and goals, 
. 2 Studies of communication nets set 
a defined small group structures 
1 ich messages can be exchanged only 
a'ong specified channels to solve simple 
ins Although it was thought origi- 
Y that centralized structures were 
More efficient, later studies showed that 
effectiveness depended on type of task. 
ie ee on Navy teams indicated 
sdisis ey have indistinct boundaries and 
ieee decentralized control. Team 
ies Ing is needed to train menibers 0 
ge to cues which are inherent in 
Made especially when precise 
1 ination is required. 
1. Studies of direct and confounded 
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feedback indicate that individuals and 
teams perform and learn most efficiently 
if they get direct feedback from their 
own and others’ performance. 

12. Group behavior can be described 
more precisely and studied more ob- 
jectively in cybernetic terms than in 
terms of drive-reinforcement learning 
concepts. The cybernetic approach con- 
siders the group an organized self-regu- 
lating system regulated by internal and 
external feedback. 

13. One leadership function is to inte- 
grate the activity of the group with ex- 
ternal environmental events and actions 
of other groups. The more complex the 
group’s operations, the greater the im- 
portance of this leader role. Another 
leadership function is to coordinate 
group actions governed by internal feed- 
back. 

14. Specialization within a group is 
defined by differentiated member roles. 
Team training is needed to discover 
differential abilities as well as to en- 
hance group efficiency. 

15. Differentiated group roles in com- 
plex groups are analogous to different 
aspects of the feedback control of be- 
havior in the individual. Training is 
needed to minimize perturbations of 
control. 

16. Rehabilitative training is needed 
for individuals who cannot exercise sat- 
isfactory control over their behavior 
either at the level of basic perceptual- 
motor skills or at more complex levels 
of symbolic, social, or occupational 
control. 

17. Successful techniques of training 
the handicapped establish intrinsic con- 
trol of behavior by means of substitute 
feedback. Other rehabilitative training 
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can be based on cybernetic principles of 
self-regulation of activity. 

18. The main problem of training the 
mentally retarded is to coordinate their 
work skills with a job that is available. 

19. The psychotherapeutic process ap- 
pears to be inaccessible to controlled 
experimental analysis and thus its sci- 
entific status is questionable. Evaluative 
studies indicate that the interpersonal 
relationship is more significant than the 
exact technique used. 

20. Psychotherapy is most effective 
with educated verbal people. Some 
functions of psychotherapy often can be 
taken over by the psychoactive drugs 
and vocational counseling. 
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21. Lower class people neither can 
afford psychotherapy nor can they usu- 
ally establish rapport with a therapist. 
In many cases the only alternative to 
successful therapy is legal custody. 

22. The restriction and isolation im- 
posed on patients of mental hospitals 
apparently intensify their symptoms. 
Psychoactive drugs relieve these symp- 
toms and make it possible to use other 
forms of treatment and training. 

23. Occupational rehabilitation pro- 
grams have had outstanding success both 
inside and outside mental hospitals. The 
principal need is to establish the indi- 
vidual in a job where he can assume 
control over his own livelihood. 


CHAPTER 
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Teaching Machines 
and Programed Books 


caning machines were first developed 
1 aig context more than 
1997 five years ago by Pressey (1926, 
» 1932, 1050, 1959, 1960, 1963), 

tie by one of the vagaries of science, 
oe attracted little attention until they 
1958 epee by Skinner (1954, 
ent 2 1958b, 196la, 1961b) in the 
here a years as an outgrowth of his 
that = on rats and pigeons. The fact 
is eaching machines were developed 
Dittien, than one context would not be 
len . arly significant were it Hoe true 
appro 5 two sources represent different 
en hes to educational design—ap- 
es which differ in their theoretical 
stutiacan as well as in their technical 
originated These two diverse sources 
aa two lines of development in 
teacht. © machine technology and in 
=n ng Programs which have not yet 
ina een In a sense, the teaching 
© a ne-programing effort has become 
foment ground for the utility of 
in rs reinforcement learning theory 
Rate the educational situations. Be- 
is issue is of paramount im- 


portance both to psychology and to edu- 
cation, we shall describe developments in 
the field in some detail. 


ORIGINS OF TEACHING 
MACHINES 


More than three decades ago, 
Pressey’s interest in objective self-scor- 
ing methods for standardized psycho- 
metric tests and achievement examina- 
tions gave rise to his development of 
mechanical devices for self-instruction. 
He discussed the extension of self-scor- 
ing of multiple-choice tests to the de- 
velopment of self-instruction devices as 
a revolutionary possibility in education 
(Pressey, 1932). After World War II, 
Pressey directed a Naval research proj- 
ect which was concerned with automatic 
self-instruction techniques, and one of 
his students from this period, Briggs 
(1956, 1958), subsequently helped to 
originate several sophisticated teaching 
machines for the Air Force. 

Early in the 1950s, Skinner developed 
his automated teaching machines as 
a means of extending to human learning 
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the operant conditioning principles that 
had been found useful with animals. Due 
perhaps to the authority granted rein- 
forcement doctrine by many psycholo- 
gists, Skinner’s ideas attracted wide at- 
tention and the teaching machine move- 
ment caught fire. 

Both Pressey’s and Skinner’s teaching 
machines provided for individual con- 
trol of the materials of learning, insured 
active participation of the student, and 
provided immediate knowledge of ac- 
curacy. They permitted the student to 
work at his own rate and to know his 
progress in objective terms. All of these 
characteristics are recognized as good 
teaching principles. 


Pressey’s Self-instruction Devices 


Pressey’s first self-instruction machine 
presented typewritten questions in a 
little window and provided four keys to 
correspond to multiple-choice answers. 
The student answered each question by 
pressing the key which corresponded to 
what he thought was the correct answer. 
When used for testing, the machine 
scored the number of correct answers 
but gave no indication to the student of 
the correctness of each answer. The 
machine could be adjusted for self-in- 
struction by repositioning a lever which 
locked the drive mechanism until the 
correct key was pressed. Now the stu- 
dent had to answer the displayed ques- 
tion correctly before a new question 
could be presented. Pressey first dis- 
played this machine in 1924 and in a 
subsequent publication discussed its use 
as a teaching machine, noting that this 
use was “by all odds the most valuable 
and interesting” (Pressey, 1926). 

Pressey (1927) designed his second 
teaching machine, shown in Figure 10.1, 
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Figure 10.1. A teaching machine designed 
by Pressey to control the sequence of questions 
according to the correctness of the student’s 
responses. (Based on Kopstein and Shillestad. 
A survey of auto-instructional devices. USAF 
Aeronaut. Sys. Div. Tech. Report No. 61-414, 
1961.) 


to achieve what is called question drop- 
out. This machine omitted a question as 
soon as the student answered it correctly 
a specified number of times on successive 
presentations. It could be adjusted to 
eliminate a question after one, two, 
three, or four successive correct an- 
swers. In his 1927 publication, Pressey 
raised a question which has not yet been 
resolved to every one’s satisfaction— 
that of the efficiency of multiple-choice 
question-answer procedures as a teach- 
ing method. The theoretical objection 
to this method is that either the effects 
of temporal contiguity or reinforcement 
might lead to wrong as well as to right 
associations in the multiple-choice situa- 
tion. Pressey was and still is of the 
opinion that if wrong alternatives repre- 
sent errors that are made frequently 
by students, the multiple-choice format 
will help correct wrong associations ra- 
ther than form them. 

In a third machine development study, 
Pressey (1932) devised a punched-card 
scoring system which was a precursor to 
later _electromechanical 
chines. The student was given a thin 
cardboard strip on which were printed 
thirty rows of five small circles, repre- 


scoring ma- 


senting multiple-choice answers to ques- 
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tions. He indicated his choice of answers 
by punching holes in the appropriate 
circles. The punched strip then was run 
through a mechanical scoring machine 
which automatically recorded and 
summed the correct answers. 

Two simplified versions of Pressey’s 
automatic self-checking devices, a chem- 
ically treated card and a punchboard, 
were developed and described by Peter- 
son (1930). The Chemo Card provided 
a chemically treated multiple-choice an- 
Swer sheet which was marked by the 
Student with a special ink. When a cor- 
Tect choice was marked, the spot turned 
ne color, while an incorrect spot turned 
another color. Peterson’s punchboard 
Consisted of an envelope enclosing sev- 
eral layers of cardboard with holes 
Punched for answer choices. The student 
Punched his choice with a pin, and if 
Correct, the pin penetrated completely 
through the envelope. An improvement 
of this device was described by Pressey 
(1950). 

_. Pressey’s Drum Tutor, illustrated in 
1gure 10.2, is used with informational 
Material and multiple-choice questions 


oh 10.2. One of the first teaching ma- 
ingtu Panicked systematic research on mean- 
was us a Boe the Drum Tutor. This device 
Variables by Stephens to study programing 
's. (Based on Kopstein and Shillestad. 
Survey of auto-instructional devices. USAF 


ing Sys. Div. Tech. Report No. 61-414, 


247 


presented on mimeographed _ sheets, 
cards, or in booklets. The student indi- 
cates each answer by pressing one of 
the four buttons on the tutor and cannot 
progress until he has selected the correct 
answer. An item counter, seen at the left, 
indicates the number of the question 
which must be answered next, and an 
error counter, in the upper right hand 
corner, summates the number of errors 
made. 


Research Evaluations 
of Pressey’s Machines 

The first research evaluation of Pres- 
sey’s self-instruction concepts was a 
study reported by Peterson (1931). 
Matched groups of subjects were given 
an objective test three times, first as a 
pretest, then to be answered while study- 
ing a reading assigment, and finally as 
a posttest. The experimental group were 
given chemical scoring cards to use for 
self-checking while answering the ques- 
tions during study, but the control group 
had no knowledge of accuracy. The use 
of the self-scorer increased final test 
scores significantly. In another compari- 
son, the final test was not identical with 
the study questions but was reformulated 
and presented mainly as completion 
questions. Here again the self-checking 
study group scored higher on the final 
test. 

Little (1934) carried out a carefully 
controlled experimental evaluation of 
Pressey’s original machines. Four sec- 
tions of Educational Psychology were 
run as a test-machine group, four as a 
drill-machine group, and the remaining 
six as a control group. As far as possible, 
sections were rotated among instructors 
and times of day, and data were used 
only from those students who could be 
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paired fairly closely with students from 
the control group on the basis of course 
pretests and general intelligence test 
scores. 

Twelve times during the course, all 
sections were given a thirty-item true- 
false test covering units of teaching ma- 
terial. The test-machine sections took 
these tests by punching answer cards 
which were run through Pressey’s auto- 
matic scoring device immediately and 
returned to the student. The scores were 
tabulated on the board and a general 
class discussion emphasized the most fre- 
quently missed questions. All students 
making less than B were required to take 
an alternate form of the test the next day 
when the scores again were tabulated 
and discussed. The drill-machine sections 
took the same tests on Pressey’s original 
testing-teaching machine. Their first 
scores were tabulated but then each stu- 
dent reset the machine and repeated the 
test until he could go through it without 
error. The control sections marked an 
answer slip which was graded after class 
and returned to the students the next 
day. Both experimental groups made 
significantly higher scores on examina- 
tions than did their paired controls, and 
this difference was more pronounced 
with poorer students. Those students who 
used the teaching machine drill to mas- 
tery moved further ahead of their paired 
controls than did the test-machine sec- 
tions. 

In the late 1940s, a series of experi- 
ments growing out of Pressey’s work 
were conducted. Angell and Troyer 
(1948) and Jones and Sawyer (1949) 
found that using punchboard quizzes to 
give immediate knowledge feedback sig- 
nificantly enhanced learning in chemis- 
try and citizenship courses. Briggs 
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(1947) and Jensen (1949) found that 
superior students using self-study tech- 
niques with punchboards and other inde- 
pendent procedures could accelerate 
their course work, make good grades, 
become more capable of independent 
work, and have time left over for an 
additional course. 

A summary by Pressey (1950) re- 
ported results indicating the efficacy of 
immediate knowledge feedback in pro- 
moting learning. Three types of verbal 
material were used, Russian vocabulary 
as rote matter, hard English vocabulary 
as meaningful material without any or- 
ganization or structure, and the subject 
matter of psychology courses as material 
that was both meaningful and _struc- 
tured. Comparative studies showed that 
repeated practice tests given on punch- 
boards promoted learning whether or 
not the order of test items remained the 
same or was changed. With more mean- 
ingful material, learning proceeded more 
rapidly and was less affected by chang- 
ing the order of items. Students taking 
practice tests on punchboards during a 
course not only did better in examina- 
tions on the practiced items, but to some 
extent on items that had not appeared 
in the practice tests. Students who took 
the practice tests without punchboards 
and discovered their errors later made 
poorer scores on examinations than 
those who received immediate knowl- 
edge of accuracy. 

In a later evaluative study, Stephens 
(1960) found that practice tests with the 
Drum Tutor enabled an experimental 
group to score higher on examinations 
than a control group in spite of the fact 
that the experimental students were in- 
ferior to the control group in general 
ability and over-all college achievement. 


Origins of Teaching Machines 


Using punchboards for practice tests, 
Stephens confirmed Pressey’s findings 
that errors were eliminated more rapidly 
with meaningful material and found that 
students learned more efficiently when 
they could correct errors immediately. 

Severin (1960), also working under 
Pressey, compared the regular punch- 
board practice test procedure with an- 
other in which students made no overt 
responses but studied the same practice 
test with the correct answers marked. 
For both Naval terminology and scien- 
tific material, no significant differences 
were found. Severin concluded that for 
short easy tasks, the automated response 
device was of little value. It was enough 
to point out the correct answers. 

This summary of the work of Pressey 
and his students reveals an original and 
Persistent attack on some of the prob- 
lems of educational design. He was the 
first experimenter in the learning field 
to mechanize many of the significant 
aspects of knowledge instruction, which 
Permit a controlled objective analysis 
of meaningful learning in the normal 
School situation. On the basis of his ex- 
Perimental analyses and many years of 
Xperience with various kinds of instruc- 
ot are es 
ies a y has define is p m0 
ind out self-instruction: that machine 
1a ing of response-programed ma- 
€rial is not sufficient unto itself but is 


4 useful adjunct to other teaching tech- 
Niques, 


Military Knowledge Trainers 
A second line of effort directed toward 
ved development of automated self-in- 
out SHonal techniques has been carried 
hei military training research both 
ng and since World War II. The 
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Tab Item, which was designed primarily 
to test the proficiency of Air Force 
maintenance personnel in electronic 
troubleshooting, incorporates automatic 
knowledge of accuracy and thus has 
some value as a self-instructional tech- 
nique (Glaser et al., 1954). The test 
consists of several pages containing the 
description of a malfunctioning symp- 
tom, a series of check procedures which 
might be employed to determine the 
cause of the malfunctioning, and a list 
of components which might, if defective, 
cause the trouble. Opposite each check 
is a perforated tab which can be lifted 
to reveal a description of the results 
which would be obtained if that check 
procedure were followed. Other tabs op- 
posite the components conceal the words 
Yes or No, indicating that a component 
is or is not the source of the trouble. A 
person taking the test lifts the tabs op- 
posite the procedures he would follow, 
attempting to use as few checks as possi- 
ble. The sequence of steps taken is vari- 
able, for the actual response choices 
help to determine what material will be 
presented and in what order. 

A technique similar to the Tab Item 
is provided by the Trainer-Tester, which 
was developed to teach troubleshooting 
in a Navy electronics school. In an ex- 
perimental evaluation of the Trainer- 
Tester and a Punchboard-Tutor equiv- 
alent to Pressey’s punchboard, Cantor 
and Brown (1956) found them both su- 
perior to equipment mock-ups for train- 
ing Navy men in electronic trouble- 
shooting. A large scale evaluation of 
Trainer-Testers for Air Force use by 
Dowell (1955) found that they were su- 

erior to actual equipment use for train- 
ing troubleshooting but that the highest 
scores were achieved by men who re- 
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ceived instruction on both Trainer- 
Testers and actual equipment. 
Pressey’s former student, Briggs, 
helped to develop the Subject-Matter 
Trainer, shown in Figure 10.3, to teach 
serial procedures, symbols, technical 
terminology, and limited problem- 
solving skills (Besnard et al., 1955; 
Briggs, 1958) . Questions appear one ata 
time in the window at the left of the 
sloping panel and are answered by se- 
lecting one of the twenty response 
choices displayed either verbally or pic- 
torially on the panel. The student presses 
a button beside his selection and, if it 
is correct, a green light appears on the 
other side. An error activates a red light 


Figure 10.3. The Subject-Matter Trainer, a 
flexible teaching machine developed for the 
Air Force which permits several prompting, 
practice, and testing modes. (Based on Kop- 
stein and Shillestad. A survey of auto-instruc- 
tional devices. USAF Aeronaut. Sys. Div. Tech. 
Report No. 61-414, 1961.) 
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or buzzer. A new question is obtained 
by pressing a button at the lower left. 

The Subject-Matter Trainer can be 
programed in five different teaching 
and testing modes. In the Coaching 
Mode, the student quizzes the machine 
and a green light indicates the correct 
answer. In the Single-Error Mode, the 
student selects an answer but, if he is 
in error, the green light comes on be- 
side the correct answer and he must 
press that button before the next ques- 
tion will appear. In the standard Prac- 
tice Mode, the student must try until he 
selects the correct answer by himself. He 
gets only one choice in the Single-Try 
Mode and in the Test Mode, one trial 
with no indication of correctness or in- 
correctness. Any of these five modes can 
be modified by Paced-Practice, in which 
the instructor controls the durations of 
each item presentation. In all modes, 
the total number of response attempts 
and the total number of errors are re- 
corded automatically. 

Experimental evaluations of the Sub- 
ject-Matter Trainer found the coaching 
mode most effective for the early stages 
in learning with the single-error mode 
ranking second (Irion and Briggs, 
1957). Use of these two modes followed 
by the practice mode also proved very 
effective. Students trained on this ma- 
chine achieved significantly higher cri- 
terion scores than students trained con- 
ventionally. The most significant finding 
of this research was that prompting the 
student to give a correct response pro- 
motes learning more effectively than 
merely confirming correct responses 
after they have been made. 

Briggs (1956) also developed the 
trainer known as the Multipurpose In- 
structional Problem Storage Device 
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(MIPS) to detect malfunctions in a 
complex electronic fire control system. 
The flexible sequencing technique that 
was a feature of the Tab Item was re- 
fined further in this MIPS trainer and 
later was recognized as the definitive 
feature of a specialized technique of 
self-instruction. Letting the student’s re- 
Sponses dictate the order of items in an 
instructional program is known as 
branching programing in contrast to 
linear programing in which the sequence 
of items is fixed in advance and does not 
vary for different students. 


Skinner’s Teaching Machines 


By the mid-1950s, the self-instruc- 
a. devices and techniques already 
eveloped incorporated most of the sig- 
ta features that are found in con- 
het eae teaching machines and had 
tal be subjected to controlled experimen- 
ra with generally favorable 
ienen . But the real impetus to machine 
sais and programed learning came 
the er from Pressey’s work nor from 
ot projects but from the work 
Tem, aan of Skinner (1954, 1958a, 
‘ , 1961a, 1961b) and his asso- 
Clates, 
on principal innovation was to 
in t the whole idea of self-instruction 
theo erms of reinforcement learning 
as es He discounted Pressey ’s work 
in eing concerned primarily with test- 
thet athe than learning and suggested 
ee important ideas about teaching 
Were ce and programed instruction 
€rant erived from his analyses of op- 
f conditioning. 
wae nt (1954) first 
a Seg on teaching machines began with 
is €scription of the techniques he and 
colleagues had developed to control 


important 
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behavior and learning in animals. Any 
response emitted by an animal can be 
reinforced, and a desired behavior pat- 
tern is taught by reinforcing first a 
response that resembles what is desired 
and then strengthening successive ap- 
proximations to the desired pattern. 
Thus, the investigator is able to “shape” 
behavior almost at will. According to 
Skinner, his techniques were being 
adopted by animal trainers to shape the 
behavior of performing animals. 

Skinner claimed that the species of 
animal made very little difference in the 
efficacy of his techniques. Comparable 
results were obtained on pigeons, rats, 
dogs, monkeys, human children, and 
even human psychotic patients, all of 
whom showed “amazingly similar prop- 
erties of the learning process.” To dem- 
onstrate such similarities and to achieve 
behavior control, however, reinforce- 
ment must be manipulated with consid- 
erable precision. 

Figure 10.4 illustrates the reinforce- 
ment technique applied to human psy- 
chotic patients by Skinner and his col- 
Jaborator Lindsley. The patient in this 
study is pulling the controls on a vend- 
ing machine, one of which will deliver 
a reinforcement in the pay-off compart- 
ment at the base of the machine. 

Skinner suggested that ordinary 
schoolroom practices are shockingly in- 
adequate methods for controlling learn- 
ing and that reinforcements in school 
are almost entirely aversive—that is, 
the child behaves for the most part so 
as to escape aversive consequences 
rather than to achieve positive rewards. 
Further, the child usually is not able 
to know whether his responses are cor- 
rect for minutes, hours, or even days 
after he has made them, so that the effect 
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Skinner’s method of control- 
ling reinforcement in human subjects. The 
subject pulls knobs n a candy vending ma- 
chine in order to get candy. (Courtesy of Dr. 
O. R. Lindsley.) 


Figure 10.4. 


of that knowledge is greatly reduced. 
But the most serious weakness in class- 
room procedures, according to Skinner, 
is that the individual pupil cannot be 
reinforced after every response but only 
after blocks of responses have been 
made. 

To remedy these inadequacies, Skin- 
ner proposed that mechanical devices 
be introduced into the classroom. His 
first teaching machine contained a roll 
of paper tape on which a series of arith- 
metical problems were printed, one of 
which could be seen through a small 
window. The child composed an answer 
to the problem by moving one or more 
sliders to make digits from zero to nine 
appear in square holes punched in the 

aper. If the answer was correct, a turn 
of a knob would ring a bell and bring 
the next problem into view. If an in- 
correct answer was given, the knob 


TEACHING MACHINES AND PROGRAMED BOOKS 


would not turn and the child had to 
try again. A counter could be attached 
to this device to tally wrong answers. 
Similar models with letters appearing 
in the answer spaces were designed for 
spelling problems. The model shown in 
Figure 10.5 presents statements, words, 
or number patterns with words, letters, 
or numbers missing. The student moves 
sliders to fill in the missing symbols. 
Skinner described the advantages of 
his devices in almost the same terms 
that Pressey had used. Knowledge of re- 
sults was immediate and came after each 
response, the manipulative nature of the 
task was in itself reinforcing to most 
children, the student was kept active 
and could work at his own rate, and the 
teacher was relieved of routine drill. 
All of these features were provided by 
Pressey’s machines. The only significant 
difference in Skinner’s devices was the 
manner of answering the questions or 
problems. Pressey presented answers in 


Figure 10.5. A slider teaching box for self- 
instruction in arithmetic, spelling, and reading. 
If the answer is correct, the crank can be 
turned for the next problem. (Based on Kop- 
stein and Shillestad. A survey of auto-instruc- 
tional devices. USAF Aeronaut. Sys. Div. Tech. 
Report No. 61-414, 1961.) 
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multiple-choice form and Skinner re- 
quired the student to pull sliders to 
compose his answer. 

Skinner insisted on “composed an- 
swers” or “constructed responses” be- 
cause he thought of teaching machine 
learning as an operant conditioning pro- 
cedure in which reinforcements are used 
to elicit the desired responses. He felt 
that multiple-choice questions are un- 
desirable because they offer a chance for 
wrong responses. Because of this belief, 
Skinner attempted to design teaching 
boxes which could evaluate composed 
answers. Obviously this type of device 
has its limitations; it can score an an- 
Swer as correct only if it is composed 
With the precise set of symbols decided 
upon by the programer. Since most of 
our verbal knowledge can be discussed 
and taught in many alternative combina- 
Hons of words and phrases, many kinds 
of questions are beyond the scope of 
Composed-answer scoring. Nevertheless, 
Skinner believed that the advantages of 
Composed answers outweighed their dis- 
advantages and designed his teaching 
Machines accordingly. 

In subsequent studies, Skinner (1958b) 
developed several new designs for teach- 
ing machines which would handle more 
informational material while still having 
the student compose his answer. Since 
mechanical scoring could not be used 
With more advanced verbal material, the 
Student was required to score his own 
Tesponse as correct or incorrect. Printed 
verbal material was stored on tapes or 
disks and divided into frames that were 
Visible one at a time. Figure 10.6 shows 
* model which takes a twelve-inch disk 
divided into thirty radial frames. All but 
ne corner of the frame is visible 
through the window. The student writes 
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teaching box 


A disk-type 
which provides for punch tabulating and ques- 
tion drop-out. (Based on Kopstein and Shille- 
stad. A survey of auto-instructional devices. 
USAF Aeronaut. Sys. Div. Tech, Report No. 
61-414, 1961.) 


Figure 10.6. 


his answer to the question and then lifts 
a lever on the front of the machine 
which moves his written response under 
a transparent cover and also uncovers 
the correct answer on the corner of the 
frame. If the student scores his answer 
as correct, he moves the lever horizon- 
tally and a hole is punched in the paper 
opposite his response. This hole provides 
for the dropping out of the question on 
the next go-round. In any case, after a 
response with the lever has been made, 
the next question appears in the aper- 
ture. 

Skinner’s recent devices have the dis- 
advantage that a wrong response cannot 
be corrected until the next time around 
the disk. Skinner sacrificed the feature 
of immediate correction of errors in or- 
der to keep the feature of composed 
answers. The rationale for this choice 
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may not be immediately clear. If the integrate self-instruction into a_ total 


discovery of a wrong response is aver- 
sive, then this consequence should not be 
permitted to stay in effect for a period 
of time. On the other hand, if turning 
the crank to get the next question is in 
itself rewarding, then the student who 
makes an error is reinforced positively 
for an incorrect response. In either case, 
Skinner appears to be ignoring his own 
principles. However, the inconsistency 
becomes less relevant in view of Skin- 
ner’s position on error responses. Be- 
lieving that wrong responses are out of 
place in an optimal learning sequence, 
he advocates arranging material in such 
a way that the student seldom if ever 
makes an error. Thus a Skinnerian pro- 
gram is designed to lead the student by 
short easy stages to the desired re- 
sponses. In a virtually error-free situa- 
tion it is not deemed necessary to make 
provision for immediate correction of 
errors. 


Evaluations of Skinner’s Machines 


Skinner justified his teaching ma- 
chines and programing principles from 
the start on a priori grounds derived 
from his animal-based reinforcement 
learning theory and made little effort to 
evaluate them experimentally. Both he 
and some of his collaborators have felt 
that it is enough to demonstrate what 
a self-instructional device or program 
can do—enough to demonstrate that it 
can, in fact, teach. They have been in- 
terested in exploring techniques for im- 
proving their programs, but they have 
made few controlled comparisons be- 
tween their own techniques and more 
conventional teaching methods or other 
types of programs. Whereas Pressey was 
interested in determining how best to 


teaching situation, Skinner justified it on 
conceptual grounds and seemed to as- 
sume without question that complete 
courses could be taught most effectively 
by well-designed self-instructional pro- 
grams. 

Five years were to elapse after Skin- 
ner’s 1954. article on teaching machines 
before a few research findings from his 
Harvard group began to appear in pub- 
lished form. The studies reported by 
Meyer (1959) and Holland (1959) were 
more in the nature of demonstrations; 
Meyer taught arithmetic to grade school 
children with the slider machine and 
Holland taught psychology to college 
students with the disk machine. Porter 
(1959) presented results showing that 
second and sixth graders progressed fur- 
ther in spelling achievement in less study 
time with machine teaching than with 
conventional methods. 

One of the techniques used by Skinner 
and his colleagues was called “vanishing” 
Material was presented in almost com- 
plete form at first, but the amount of 
information was slowly reduced in suc- 
cessive frames until the student could 
supply the entire response without help. 
For example, to teach a poem, the lines 
were presented first with several unim- 
portant letters missing, and in successive 
frames with different and more letters 
missing. That is, the text was gradually 
“vanished” until the poem could be 
emitted without a text. Skinner antici- 
pated objections that material pro- 
gramed according to his principles will 
be too easy, but he asserted that there is 
too much emphasis on difficult material 
in traditional education and that his own 
easy methods of instruction are more 
effective. 


Development of Teaching Machines 


DEVELOPMENT OF TEACHING 
MACHINES 


In spite of the similarities between 
their teaching machines, Pressey and 
Skinner represented two diverse ap- 
proaches to self-instruction which have 
generated different kinds of devices as 
well as different kinds of programed 
materials. Pressey regarded self-instruc- 
onal techniques as an adjunct to other 
teaching procedures to be used for drill, 
Teview, and self-testing. He relied on 
multiple-choice questions and did not 
Consider the order in which they ap- 
Peared of particular importance inas- 
As as the logical structure of the 
ti ject matter was presented by conven- 
“on teaching materials. In contrast, 
thin ner believed that the most important 
sua in self-instruction is to get the 
tha "1 to give a correct response so 

Wisi can be reinforced immediately. 
Pe Mion to be avoided by leading the 
ord in slow, easy stages through an 
ordered sequence to mastery of the sub- 
Ject matter, 


Composed-Answer 

caching Devices 
se of Skinner-type teaching 
to toa have been designed specifically 
lemen arithmetic to children in the 
c Sper grades, including the ma- 
our Pictured in Figure 10.7. Twenty- 
on Ts ees problems are shown 
ole. li of the box, each below a 
ls, - student places a plug in the 
en above the problem he selects and 
ise the dials at the bottom to 
U2zer the answer. A green light or 
indicates a correct answer when 
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Figure 10.7. Devereux Teaching Aid to 
teach arithmetic. (Based on Kopstein and 
Shillestad. A survey of auto-instructional de- 
vices. USAF Aeronaut. Sys. Div. Tech. Report 
No. 61-414, 1961.) 


he presses the button at upper left. 
This device has no scoring feature. 

In order for a teaching machine to 
be automated, the student’s answer must 
trigger the device to advance to the next 
question. This is not an easy feature to 
achieve when composed answers are re- 
quired, for some variability in verbal 
response usually must be permitted. One 
device designed to register a verbal re- 
sponse automatically is shown in Figure 
10.8. The material to be learned and the 
questions are projected on the screen 
from microfilm, and the student com- 

joses an answer on the typewriter key- 
board. Only one key can be depressed 
at a time, for all but the correct one are 
locked. After the correct answer has 
n typed, the next frame comes on 
to present the next question. No pro- 
vision is made for recording errors. This 
device is used primarily to teach spelling 
put could be used for other verbal ma- 
terial when only one answer is correct. 

A number of commercial teaching ma- 
chines are based on the principle of the 
Skinner disk machine. They are rela- 
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Figure 10.8. | The Wyckoff Film Tutor. Com- 
posed answers typed on the typewriter key- 
board advance the film to the next frame. 
(Based on Kopstein and Shillestad. A survey 
of auto-instructional devices. USAF Aeronaut. 
Sys. Div. Tech. Report No. 61-414, 1961.) 


tively simple boxes which permit the 
controlled presentation of programed 
questions and provide a space for the 
student to write his answer. The correct 
answer to a question usually is presented 
along with the next question, whether or 
not the student has answered correctly. 
Most of these boxes have no automated 
features and differ mainly in their man- 
ner of presenting questions and informa- 
tional material. 

The device shown in Figure 10.9 con- 
tains a roll of paper upon which ques- 
tions and answers are printed. Two ques- 
tions can be seen at one time. The one 
toward the top already has been an- 
swered by the student, and the correct 
answer can be seen to the right of the 
question. The question below is being 
answered, and the correct printed answer 
still is hidden from the student. The pa- 
per roll is advanced by turning a crank. 
The principal disadvantage of using con- 
tinuous rolls of paper to present ques- 
tions is that the programs are difficult to 
reproduce in quantity. Several teaching 
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Figure 10.9. Scroll-type teaching box which 
requires fill-in answers, the Foringer Teaching 
Machine, No. 2002. (Based on Kopstein and 
Shillestad. A survey of auto-instructional de- 
vices. USAF Aeronaut. Sys. Div. Tech. Report 
No. 60-414, 1961.) 


boxes have simplified the problem of 
quantity reproduction by utilizing stand- 
ard sheets of mimeograph paper or cards 
for the questions. 

Where teaching devices are to be used 
regularly to present a variety of instruc- 
tional programs, there are great ad- 
vantages in using microfilm instead of 
paper or cards for economy of reproduc- 
tion, ease of handling, and compactness 
in storing. The Wyckoff Film Tutor in 
Figure 10.8 uses film, and another film 
projection device is shown in Figure 
10.10. Individual 35mm frames display- 
ing textual material and drawings are 
projected on a small screen. Color film 
can be used if desired. This device is de- 
signed either for composed answers as 
shown or for multiple-choice answers 
with another attachment. Other devices 
have been constructed to present ma- 
terial either visually or aurally by audio- 
tape. The student either writes his an- 
swer or speaks it into the tape recorder. 


Programed Books 

The trend in designing devices based 
on Skinner’s composed-answer principle 
has been toward simpler and simpler 
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ane 10.10. A microfilm projection de- 

a at can be equipped for either composed 

atti 5 or multiple choice. (Based on Kop- 

iter = Shillestad. A survey of auto-instruc- 

R al devices. USAF Aeronaut. Sys. Div. Tech. 
port No. 60-414, 1961.) 


Procedures. Actually, no machine is 
ee for the essential characteristics 
on teaching box, which are, 
seit ing to Porter (1958): (a) to pre- 
Sri a sequence of problem materials 
me at a time; (b) to provide some 
ae — by which a student can indicate 
( cord his solution to each item; and 
a indicate immediately the correct- 
h or incorrectness of the response. 
t si same features can be achieved if 
ba eestone and answers are presented 
Y device but in regular book form. 

sony oeramed books are books that pre- 
nad nstructional material and questions 
frais Tae that the reader supply an- 
efore proceeding. This type of 

i: has been around for a long time in 
Wig, . of many kinds of workbooks, 
multi feat Tequire either Pressey-type 
type Ple-choice responses or Skinner- 
Li Composed answers in the form of 
n or completion statements. How- 


ever, workbooks as we have known 
them in the past pay no particular atten- 
tion to the sequence of questions and 
usually give no immediate knowledge of 
accuracy. 

A book programed according to Skin- 
ner’s principles is shown in Figure 
10.11. This particular book is divided 
into fourteen parts analogous to chap- 
ters, and each part is divided into from 
two to six sets of frames. A frame con- 
sists of a statement with one or more 
blanks which are to be filled in (on a 
separate sheet of paper) by the student. 
A set is made up of about thirty to sixty 
frames, each of which after the first in- 
cludes the correct answer for the prior 
frame. In order that the student does 
not see the correct answer to the ques- 
tion he is answering, successive frames 
are placed only on right-hand pages and 
the frames on any one page are not con- 
secutive but occur cyclically in a set of 
frames. The student reads the first frame 
at the top of the page, writes down his 
answer and then turns the page to see 
if the answer is correct. He then works 
the next frame and turns another page. 
When he reaches the frame on the last 
page of the cycle, he is directed to turn 
back to the first page for the check an- 
swer and the next frame. He must pro- 
ceed through the cycle again and again 
until he has completed the frames at the 
bottom of the pages. 

This book adopts a novel technique to 
avoid wasting all the left-hand pages. 
After the student has worked through 
the book from front to back he turns 
it upside down and works from back to 
front on the backs of the pages, which 
are now the right-hand pages. Thus if 
the book is opened at random, the 
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Figure 10.11. 
principles of step-by-step programing. This is a textbook on The Analysis of Be- 
havior by Holland and Skinner. (Copyright 1961, McGraw-Hill Book Company. 
Used by permission.) 


reader sees upright material on the right 
and upside-down material on the left. 
Some programed books leave the backs 
of the pages blank instead of resorting 
to this coming-and-going technique. 

The Holland and Skinner book we are 
describing is an example of linear pro- 
graming, with frames that follow each 
other consecutively from first to last 
with no variability in order. It would be 
possible to use multiple-choice or true- 
false questions in such a program as well 
as completion questions. However, this 
type of program has come to be asso- 
ciated more with the Skinnerian princi- 
ple of composed answers than with the 
Pressey multiple-choice technique. Later 


Conditioning 


(acceptable: 
fainforcing) 


There isan eliciting stimulus for bohavior. 


Page design of a programed book arranged according to Skinner’s 


we shall describe another type of pro- 
gramed book designed for branching 
programs. 


Multiple-Choice Teaching Devices 


Whereas Skinner’s principle of the 
composed answer initiated a trend to- 
ward simpler and simpler teaching ma- 
chines, Pressey’s multiple-choice princi- 
ple has been admirably suited to many 
types of devices incorporating automatic 
scoring and programing techniques. 
Multiple-choice teaching machines have 
been developed for a wide range of ap- 
plications, from the teaching of simple 
discriminations to young children and 
handicapped individuals to instruction 
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Figure 10.12. Devices for teaching young 
or retarded children. a. Simplified teacher- 
controlled teaching box developed at Devereux 
Schools. 6. The Didak 101 preverbal machine. 
(Based on Kopstein and Shillestad. A survey 
of auto-instructional devices. USAF Aeronaut. 
Sys. Div, Tech. Report No. 60-414, 1961.) 


in the most complicated areas of verbal 
and symbolic knowledge. 
r Two devices developed for young oF 
oe children are shown in Figure 
° ‘12. A teacher using the one in Fig- 
tS 10.12¢ programs the material item 
e item by depressing the correct one 
three buttons located on the back of 


the box. A child then is asked a question 
about the material displayed on the card 
—for example, “Which one is the larg- 
est?” or “Which one is the circle?”— 
and answers the question by pressing a 
button on the top of the box. A three- 
choice device for preverbal training is 
shown in Figure 10.12b. The problem 
displayed shows a comparison stimulus 
(a tree) over three letters from which 
the child chooses the one which appears 
in the word tree. 

One of the authors has developed 
multiple-choice tactual discrimination 
teaching machines for use with blind 
children prior to their learning Braille. 
The child’s task is to match a test form 
by selecting one of a series of forms 
outlined in metal or pressed in bas- 
relief on a plastic sheet. Correct choices 
can be made to activate a buzzer. 

A teaching machine incorporating 
both multiple-choice and write-in fea- 
tures, shown in Figure 10.13, has been 
developed by one of the authors. This 


Duo-Mode teaching machine 


Figure 10.13. 
both multiple-choice and write-in 


incorporating 


features. The device is programed by slipping 
a punched plastic strip into position under the 
left-hand multiple-choice column. The operator 
is checking a true-false key. 
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device contains a continuous roll of five- 
inch wide paper which stretches across 
the top and can be pulled out from a 
slit at the front. The plastic plate at the 
left contains sixty rows of small holes 
in groups of four and two. The student 
is given informational material includ- 
ing sixty questions and multiple-choice 
answers on separate sheets. For each 
question, he indicates first whether he is 
certain or uncertain of his choice by 
punching, with a stylus, through the ap- 
propriate one of the two holes toward 
the center, leaving a hole in the paper 
tape. Then he punches the one of four 
holes toward the left which corresponds 
to his selected answer, leaving another 
hole in the paper. If this choice is cor- 
rect, a buzzer sounds. If the student 
makes an error, he tries again until he 
selects the correct answer and then writes 
it in the space to the right. If he has 
indicated that he is certain of an in- 
correct answer, he can be required to 
write the correct answer several times 
on a separate card or sheet. When he has 
finished the entire sixty items, he pulls 
out the portion of the paper tape which 
he has used and tears it off for a perma- 
nent record of his performance. 

This device combines some of the 
principal advantages of both multiple- 
choice and composed-answer teaching 
machines. A student who understands 
the material and knows the correct an- 
swers can proceed rapidly through the 
series. Errors can be corrected immedi- 
ately, not only by selecting the right an- 
swer but also by writing it, once or sev- 
eral times depending on the certainty of 
the original response. 
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Development of Branching 
Programs 

It will be recalled that the technical 
knowledge trainers developed by Briggs 
(1956, 1958) for the Air Force in- 
corporated two features new to self- 
instructional devices. The Subject-Matter 
Trainer was designed to permit several 
prompting, practice, or testing modes 
and the MIPS Trainer was designed for 
branching programing. Branching tech- 
niques have received considerable atten- 
tion as an alternative to linear program- 
ing and usually are associated with 
Crowder (1959, 1960), who developed 
the MIPS Trainer further to produce 
the Autotutors shown in Figure 10.14. 
The circuits of these trainers are de- 
signed to make decisions about what 
item will be presented next according 
to the specific response of the student. 
Autotutor Mark I is an expensive instru- 
ment suited to instruction on electronic 
troubleshooting or any other task re- 
quiring sequential choices. Instructional 
material and questions are presented by 
means of short motion-picture sequences 
or still projection. Correct answers bring 
on the next unit of material but errors 
produce A hopelessly 
wrong answer produces a warning to 
pay closer attention. The machine re- 
cords automatically the sequence of im- 
ages viewed, the time spent on each im- 
age, and the total time. Autotutor Mark 
II has these same basic features but is 
less costly, is slower, has a more lim- 
ited capacity, and cannot present mo- 
tion-picture sequences. 

Crowder’s principles of branching pro- 
graming led to what have been called 


explanations. 
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reste 10.14. Crowder’s teaching machines 
Maer. for intrinsic programing. a. Autotutor 
tein ae b. Autotutor Mark II. (Based on Kop- 
eter Shillestad. A survey of auto-instruc- 
evices. USAF Aeronaut. Sys. Div. Tech. 

port No. 60-414, 1961.) 


(io) 
or 


Ser . 
eo books, or TutorTexts, 1m 
* Cn the sequence of items depends on 

Vin made by the student. 
i 


© the items in a linearly programed 
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book proceed from oné page to the next 
in a cyclical fashion, the items in a 
scrambled book are distributed through- 
out with no apparent order. Each page 
contains one unit of material followed 
by a question, alternative answers, and 
a new page number beside each answer. 
The student selects an answer and turns 
to the designated page. If the answer is 
correct, it is confirmed and the next 
item is presented. If the answer is 
wrong, the student is given additional 
material and usually is directed to re- 
turn to the question to correct his error. 
A sample page from a scrambled book 
written by Cram (1961) to explain 
teaching machines reads as follows: 


4 
(from page 8) 

Right! The educational motion pic- 
ture, as it is normally used, is not a 
“teaching machine.” 

1. Although the motion picture pre- 
sents information, it does not re- 
quire periodic responses from the 
student in the form of answers, se- 
lections, or motor responses. 

2. Since it does not ask for responses, 
jt does not indicate whether the 
responses are appropriate or not. 

3. It does not allow the individual 
class member to adjust his rate of 
progress to his own needs and 
capabilities. 

Imagine, however, an educational 
motion picture which requires that the 
students answer questions periodically 
on a printed answer form. Would this 
then constitute a “teaching machine”? 

Page 2 Yes 

Page 12 No 


If the student selects the Yes answer, he 
turns to Page 2, reads an explanation 
of why his answer was wrong, and is 
told to go back to Page 4 and select 
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the other answer. The No answer leads 
to Page 12, a confirming explanation, 
and a new unit. Self-instructional ma- 
terial arranged in this way is called a 
branching program because it provides 
sequences that branch off from the main 
line. 


Audiovisual Teaching Machines 

One of the problems in designing 
teaching machines is to achieve some 
flexibility in the mode of presenting the 
instructional material. Several ways of 
varying program sequences are made 
possible by branching techniques, but 
another approach is to apply audio- 
visual procedures to mechanized self- 
instruction, that is, to use both verbal 
and nonverbal material and to present 
it both aurally and visually. 

Sound motion pictures can be used 
for audiovisual teaching machines if 
some means is provided for the student 
to control the presentation. Figure 10.15 
shows a compact film viewer which can 
hold up to 200 feet of continuous sound 
film loop. This projector can be stopped 
on any desired frame. It was intended 
primarily to demonstrate step-by-step 
procedures to technical trainees, who 
could stop the projector while practicing 


Figure 10.15. Handy-Dandy Sound Film 
Viewer developed by Lumsdaine and Roshal. 
(Based on Kopstein and Shillestad. A survey 
of auto-instructional devices. USAF Aeronaut. 
Sys. Div. Tech. Report No. 61-414, 1961.) 
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Figure 10.16. An audiovisual machine used 
for instruction in foreign languages. (Based 
on photograph from the New York Center for 
Programed Instruction. In Katz. Some of 
Johnny’s best teachers are machines. Mac- 
lean’s, 1962, 75(6), 9-11; 32-36. 


the procedure that had just been demon- 
strated (Lumsdaine, 1959). 

A number of teaching machines com- 
bine audio-tape recorded sound with 
visual displays, usually from microfilm. 
The first main use of such devices was 
to teach foreign languages. For example, 
the device in Figure 10.16 presents pic- 
tures to illustrate the meaning of phrases 
or sentences that are presented aurally. 
Some foreign language teaching ma- 
chines provide a recording channel so 
that the student can record his responses 
and play them back. 

There are many advantages to com- 
bining audio-tape recording and visual 
projection for purposes of self-instruc- 
tion. Such combinations of aural and 
visual media can present almost any type 
of instructional material without exces- 
sive cost or complicated instrumenta- 
tion. One of the authors has used tape 
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Figure 10.17, 


r 
me and slide projectors as the 
Mii tee of what we call audio- 
¢ teaching systems as in Figure 
Contro] ait 1960). An_ electronic 
Corder . activates an audio-tape re- 
Projector, a standard slide or filmstrip 
cludes t. The instructional material in- 
With ae tape-recorded lecture complete 
Matical] €s which are presented auto- 
end of ag appropriate times. At the 
Westion presentation, a number of 
Visually + are asked either aurally or 
Westion by means of slides. As each 
Stops Piha Presented, the tape-recorder 
Omatically and the student se- 


v 


A student using an audiovisumatic teaching machine for self- 
instruction. The answer stylus contains two sharp pointed electrodes which are 
Punched through the circle next to the selected answer. If the answer is correct, 
the electrode points touch a conductive surface on the key sheet underneath and 


c mace : 2 
Omplete an electric circuit which reactivates the machine. 


lects a multiple-choice answer from his 
answer sheet. With a stylus he punches 
opposite his selection and, if it is cor- 
rect, the tape recorder proceeds with the 
next question. 

The design of this audiovisumatic sys- 
tem is flexible enough so that it can be 
used in several different ways for self- 
jnstruction. Visual material can be used 
with the instruction and with the ques- 
tions or omitted from one or both 
phases, as desired. Slides can be used 
as prompts during a question sequence 
and omitted from the same sequence 
later by turning off the slide projector. 
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The response mode also can be changed. 
The machine can direct the student to 
write a short essay answer to a question 
and then present a short summary of a 
correct answer when the student punches 
a key to turn on the machine for the 
next question. The system also can be 
used for classroom instruction. It can 
present an entire lecture automatically 
with slides introduced at appropriate 
times and, if desired, submit test ques- 
tions for the students to answer with or 
without informational feedback. In this 
case, however, the presentation would 
not be under the control of an individual 
student but would be paced ahead of 
time by the recorder or during the pres- 
entation by an operator. 


COMPUTER-CONTROLLED 
TEACHING MACHINES 


The most sophisticated of all teaching 
machines are those that use digital com- 
puters as the central control component. 
Computer-controlled teaching systems 
can handle complicated branching pro- 
grams automatically, but due to their 
complexity and cost, they have been 
used mainly for research purposes. The 
following features make them invaluable 
tools for analyzing learning and teach- 
ing procedures. First, computers can be 
programed to follow extremely complex 
schedules and thus can accommodate 
any kind of branching program. Second, 
they can store a tremendous amount of 
information, amounting to millions of 
numerical and verbal items, and draw 
upon it for immediate use. Finally, digi- 
tal computers operate at such enormous 
speeds that they make possible the com- 
pletion of validation research on pro- 
graming variables that would be un- 
feasible by conventional procedures. 
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A computer can be used as a teaching 
machine if it has a student input station 
which accepts the student’s responses 
and compares them with information 
stored in a program. The basic com- 
ponents of such a system are shown 
diagrammatically in Figure 10.18. The 
electric typewriter or flexowriter serves 
both as an output station to present ques- 
tions and instructions to the student and 
as an input station that accepts the stu- 
dent’s replies. The bulk of the instruc- 
tional material is presented by means 
of an ordinary textbook. The computer 
gives specific reading assignments and 
then presents questions on the material. 
The nature of the answer typed out by 
the student controls subsequent instruc- 
tions and questions. The computer evalu- 
ates an answer in terms of its stored 
information and chooses the appropriate 
next step. 

The circuits of a digital computer can 
be connected to different types of de- 
vices to present instructional materials 
and questions and accept responses in 
various ways. For example, instructional 
material and questions can be presented 
by flexowriter, by means of 35mm slides, 
or aurally by means of magnetic tape; 
and responses can be either multiple- 
choice or composed-answer. Some set- 
ups have used closed-circuit television 
facilities. 

Digital computers can be used to pro- 
gram self-instruction for more than one 
student at a time in different subject 
matters. The computer works so rapidly 
that it can handle data from a number of 
teaching stations—as many as 1000 have 
been proposed for large, fast computers 
(Herbert, 1963). The practical difficul- 
Hes in multiplying the number of sta- 
tions are the expense involved in each 
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Figure 10.18. 
a textbook used to supply instructional material to the student. 


Station and its circuitry and the need 
for facilities to store and retrieve vast 
amounts of programed information. 


Information Storage 

The millions of bits of information 
used by digital computers are recorded 
in a very simple language. Instead of 
the ten numbers and twenty-six letters of 
our ordinary numerical-alphabetical lan- 
guage, computers use a binary system 
which has only two symbols or two basic 
Operations. These may be the off and 
on position of a switch, the presence or 
absence of a hole in a card, a spot on a 
film, or a magnetized spot on a tape. 
All of the verbal and numerical informa- 
tion handled by computers must be rep- 


Computer 


—] 


|| SRE . 


Disk 
Information 
Storage 


Basic components of a computer-controlled teaching system with 


resented in terms of this simple presence- 
absence, off-on, yes-no binary system. 
Binary information is recorded and 
stored in a number of ways—on the 
familiar punched cards, iron crystal de- 
vices, magnetic core networks, cathode 
ray tubes, magnetic tapes, magnetic 
drums, and optic or photoscopic disks. 
Punched cards, magnetic tapes, films, 
disks, and the like provide portable long- 
term storage for computer information. 
However, in processing data, computers 
also make use of immediately accessible 
short-term memory units to keep track 
of an operation in progress. Devices 
such as magnetic cores are built into the 
computer itself for short-term storage, 
and after a particular operation is com- 
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pleted, the magnetic or electronic spots 
are erased to prepare the machine for 
the next operation. Internal storage units 
make possible the assembly of informa- 
tion for solving problems at fantastic 
speeds—amillions of units per second— 
but data are retrieved from portable stor- 
age devices at much slower rates. For 
example, data can be retrieved from 
punched cards at rates of around 24,000 
bits per second. 

When computers are used for teaching 
purposes, it is necessary for them to 
have high-speed random access to an 
enormous amount of stored material so 
that any desired unit of information 
called for by the program can be re- 
trieved quickly and put before the stu- 
dent. An IBM teaching-machine system 
uses magnetic disks which are not un- 
like phonograph records in appearance 
to provide bulk storage of programs, les- 
sons, remedial material, and student rec- 
ords. For example, textbooks and dic- 
tionaries can be recorded on disks. The 
disks are filed in a stack that rotates 
continuously at 1200 rpm. Several access 
arms which are connected to separate 
teaching stations move up and down to 
any desired disk face to retrieve a unit 
of information after a delay no greater 
than 0.8 second. 


Types of Programs 


The course of a particular computer 
teaching program is diagramed as a 
flow chart, such as the example in Fig- 
ure 10.19, which diagrams each item 
that can be presented by the computer 
and indicates when and if these items 
will be presented depending on the re- 
sponses of the student. Errors may bring 
about repetition of previously presented 
items or presentation of new remedial 
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Instructional 
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Computer Test 
of Student 
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Figure 10.19. A flow chart showing the 
types of decisions that a computer is pro- 
gramed to make in a particular lesson se- 
quence. Item 12 is a self-evaluation item ask- 
ing the student how well he feels he is doing. 
Answer a indicates that he thinks he is doing 
well and would like to finish now; he is di- 
rected to the end of the lesson. Answer b indi- 
cates that he thinks he is doing fine but would 
like some review; he is returned to item 8. 
Answer c indicates no understanding at all; 
he is returned to the beginning of the se- 
quence. (Based on Coulson and Silberman. 
Automated teaching and individual differ- 
ences. Aud.-vis. Commun. Rev., 1961, 9, 5-15.) 


material. The particular sequence dia- 
gramed in Figure 10.19 presents a self- 
evaluation item at the end. A student 
who is confident of his progress proceeds 
to the end of the lesson; one who is less 
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Figure 10.20. ‘A flow chart of decision logic used in a program prepared’ ‘for 
teaching statistics. (From Grubb and Selfridge. The computer tutoring of statistics: 
@ preliminary report. IBM Corp. Thomas J. Watson Res. Cent. res. Report RC- 


724, 1962.) 
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confident is returned to the beginning to 
repeat the entire sequence. 

A flow chart represents a generalized 
plan of a program sequence which can 
be used with more than one lesson or 
subject matter. It indicates the type of 
decision made by the computer at each 
point in the program and the alternative 
subsequent steps depending on the na- 
ture of the decision. A chart indicating 
a number of different types of decisions 
is given in Figure 10.20. 

Uttal (1961) described adaptation of 
computer teaching to a course in sten- 
otypy, a shorthand system used in courts 
to obtain complete and accurate records 
of all conversation. Stenotypists use the 
special keyboard diagramed in Figure 
10.21a. The keys are grouped into initial 
consonants, vowels, and final consonants, 
and a syllable is typed by pressing more 
than one key. In 10.21b are seen the 
student at the steno keyboard, the con- 
trol panel which allows the student to 
communicate with the computer (to start 
and stop lessons, and so on), a set of cue 
lights indicating positions on the steno 
keyboard, and an electroluminescent dis- 
play which gives the characters to be 
typed and other instructions. 


Student Communication 
with the Computer 


In computer-controlled teaching, the 
student communicates with the computer 
in a variety of ways. If a textbook is 
used to present the bulk of the instruc- 
tional material, the console contains an 
instruction key that lights up to say, 
“Read your text.” At the end of a num- 
bered paragraph in the text, there is a 
code number which the student uses to 
elicit a specific problem from the ma- 
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Figure 10.21. Instrumentation for computer- 
controlled stenotype training. a. The stenotype 
keyboard. 6. Visual display and student 
station. (From Uttal. On conversational inter- 
action. IBM Corp. Thomas J. Watson Res. 
Cent. res. Rep. RC-532, 1961.) 


terial stored in the computer memory 
system. When he decides on his answer, 
the student presses a button entitled, “I 
am ready,” and the computer signals 
him to proceed (indicating that it is free 
to accept a message from this particular 
student). The student now types his an- 
swer and looks it over for errors. If he 
wishes to change it at this point, he can 
cancel it and retype. When satisfied, he 
presses a release key to send the message 
into the computer. Within a second or 
two, the computer either verifies the 
answer (“Right, John,”) and directs 
him to a new problem or page of text or 
tells him he is wrong and branches to 
remedial material. A student can be ad- 
dressed by name on the typewriter be- 
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cause he has entered his code number at 
the beginning of the lesson. Some com- 
municator consoles include keys indicat- 
Ing readiness, a desire to stop the lesson, 
a request for the next problem, or a 
Tequest for prompts. When a lesson has 
been completed the computer signals, 
That is all for today.” 

Computer programs which follow sim- 
ple branching and review sequences do 
not make full use of the computer’s ca- 
Pabilities for flexible interaction with 
the student. Uttal (1962) suggested sev- 
eral further procedures that could be in- 
Corporated into computer programs. 
First, the computer’s analytic capacity 
could be used to discover areas of dif- 
ficulties to be improved and to generate 
Solutions to the problems. Second, the 
Computer could be used to analyze and 
Classify errors so as to select related 
rather than identical problems for fur- 
ther practice. Third, reaction-time meas- 
urements might be used by the computer 
HG anticipate difficulties and errors and 
to initiate corrective procedures before 
an error actually had been made. 


Computer Simulation 

The seemingly miraculous speed and 
Complexity of the operations performed 
Y computers lead many people to take 
an almost mystical view of their po- 
tentialities. Thus there have arisen the 
8nciful notions that computers can 
achieve logical solutions beyond human 
mental capabilities and that the brain 
ttself can be understood as a form of 
pomputer. In assessing computers’ con- 
“butions to modern science and tech- 
ABs however, we must keep several 
Cts in mind. First, the information that 
“omes out of a computer is no more 
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valid than the facts and the program that 
were put into it. Second, computer op- 
erations never can duplicate behavior, 
for they proceed in terms of an artificial 
machine language. Finally, the workings 
of a computer never will reveal to us the 
organizational principles of human be- 
havior and thought; to the contrary, full 
realization of the potentialities of com- 

uters for data processing and problem 
solving still hinge largely on our un- 
derstanding of human thought processes 
and problem-solving procedures. 

One special significance of computers 
in behavior science is that they make 
possible the simulation of many different 
patterns of symbolic behavior. Utilizing 
specialized instructions, they can divide 
and classify data into defined parts 
or sections and apply this information 
to the control or solution of problems. 
This classification of information simu- 
lates the human individual’s ability to 
detect relations and similarities in terms 
of class properties. 

Computers not only classify data but 
also examine its different classes and 
values in quite different ways. Different 
classes or variables can be correlated 
and the differences between classes can 
be analyzed simultaneously. Variables 
can be correlated over a period of time 
to plot a time function and their inter- 
actions can be measured. The factors 
determining correlations can be ex- 
tracted, and trends and recurring fea- 
tures in the data can be measured. Com- 
puter operations can inspect complex 
interactions between functions and vari- 
ables which would be almost impossible 
to discover by hand computation. 

With computer technology, recorded 
events can be telescoped in time or ex- 
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panded for special analysis. The relative 
time among events can be changed or 
displaced and correlations obtained 
among such time-displaced variables. 
The feedback that regulates events can 
be delayed to study the effects on the 
events or operations. Such time-freed 
analysis is of special value in simulating 
business, industrial, and economic op- 
erations in order to study events in these 
fields as short-term problems. 

Computers simulate another funda- 
mental operation in symbolic behavior 
and thinking by their ability to sample, 
reduce, and transform data in various 
ways. Continuous information, such as 
a graph of blood pressure, can be 
broken down by an analog converter 
into a series of discrete values and 
printed out as numbers. Data can be 
coded and numerically transformed to 
conform to different functions. Different 
sources of data can be brought together 
and the integrated value transformed for 
control purposes. 

Computers can simulate aspects of 
teaching and social interaction at vari- 
ous levels of complexity. Among several 
basic types of simulation of vital im- 
portance for educational research, one 
is to program the machine to reproduce 
and control certain aspects of a response 
sequence. In this use, no symbolic knowl- 
edge as such is stored in the computer 
program; the machine is used simply to 
regulate the sequence of presentation by 
auxiliary devices in terms of student re- 
actions. In this sequence simulation, the 
computer controls the presentation of 
questions, checks the correctness of 
coded answers, records errors, and reg- 
ulates branching. 

Computers also can be programed to 
simulate the manipulation of specialized 


symbol systems, such as numerical, ver- 
bal, or musical symbols, according to 
the principles and logic of special fields 
of knowledge. The computer is given 
comprehensive data covering a particu- 
lar problem area and instructions re- 
garding the basic variables involved in 
the operations. With these data and in- 
structions, the machine can review vari- 
ous relationships among the data, solve 
problems, and test solutions. The prob- 
lem-solving capacity of modern com- 
puters has made them an indispensable 
tool of research and operations in such 
specialized fields as business and indus- 
trial procedures, language translation, 
music and melody, medicine and diag- 
nosis. 

This subject-matter simulation, utiliz- 
ing prescribed data, operations, and the 
theories and assumptions that define 
these operations, can be adapted to 
teaching or training purposes in the 
specialized fields. An example given in 
Chapter 9 was the use of computers to 
simulate business problems. 

Inasmuch as computers can be used 
for dynamic cybernetic control of com- 
plex action systems, including those 
partly directed by man, they are poten- 
tially of great use in systems simulation 
and for training in machine operations 
and production systems. Analog com- 
puters were used in this way in wartime 
simulator-trainers, but the binary lan- 
guage of digital computers permits dy- 
namic simulation and control by means 
of numerical and verbal instructions. 
Complex systems simulators are chang- 
ing the patterns of work in business and 
industry and are providing the training 
media for understanding and carrying 
out dynamic man-machine operations. 


Computer-Controlled Teaching Machines 


Limitations of Computers 
for Teaching 


The exciting potentialities of compu- 
ter simulation for educational purposes 
should not blind us to certain limiting 
factors involved in this application. First 
of all is the factor of cost. Computers 
themseves are extremely expensive ma- 
chines and the cost of a single teaching 
Station for student-computer intercom- 
munication may be a thousand dollars 
or higher. Further, maintenance costs 
are high and the engineers, programers, 
and other specalists needed to install and 
Tun a computer system are highly paid 
personnel. Uttal (1962) suggested that 
computer teaching can be made less ex- 
pensive than conventional lecture educa- 
tion on a per student course basis, but 
this estimate presumably applies to a 
Situation where entire courses are pro- 
8ramed through computers as an alter- 
Native to live teaching. If, when, and 
Where this type of machine teaching 
Proves desirable, computer costs may be 
Justified. At present, the costs appear 
Prohibitive for teaching machines used 
only to fill a subordinate role. 

A second practical limitation on the 
use of computers is the highly skilled 
Nature of programing. Only a limited 
number of trained specialists understand 

OW to program a computer for different 
Purposes, and surely very few of these 
trained programers are at the same time 
Psychological or educational specialists 
With definite ideas about how to pro- 
8tam subject matters for efficient learn- 
ing. A school system or training center 
Cannot utilize a computer-controlled 
teaching system without having avail- 
able the specialized skills required to 
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handle the problems of computer simu- 
lation. 

A more serious difficulty is the re- 
stricted nature of the communicative 
interchange that is possible with com- 
puters. Effective teaching in a conven- 
tional school situation includes lectures, 
audiovisual displays and presentations, 
person-to-person exchanges between stu- 
dent and teacher, group discussions, and 
various types of adjunctive activities 
such as demonstrations, experiments, 
field trips, and so on. Out of this vari- 
ety of verbal and nonverbal communica- 
tive patterns, computers can simulate 
only a few. The standard teaching sta- 
tion senses and presents visual-verbal 
and numerical information only. Other 
visual or auditory displays can be pre- 
sented only with auxiliary devices that 
might be sequenced just as effectively by 
some other mechanism. 

The main limitation of computers, as 
of all teaching machines, is that they 
function according to their own organ- 
izational principles and not according to 
the principles of human behavior. They 
can perform marvelously complicated 
operations at fantastically high speeds 
but only with information that some 
programer has been ingenious enough 
to convert into their own language. 
Basically all a digital computer can do 
is to answer Yes and No. It can teach 
only after some one has transposed some 
specialized subject matter into the rig- 
idly prescribed computer code. Inas- 
much as fields of knowledge and learn- 
ing are all highly specialized, it takes 
ingenious and imaginative designers and 
programers to arrange a course of study 
for computer control without losing 
something of its special flavor and or- 
ganization. In fact, there is always the 
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danger that translating the fundamental 
concepts of a subject into the arbitrary 
logic and static classifications of com- 
puter language will distort the meaning 
of those concepts. 

An aspect of human behavior and 
learning that is completely foreign to 
computer function is its spatial organiza- 
tion. Human perceptual-motor patterns 
are differentiated basically according to 
spatial patterns in the stimulus environ- 
ment. Computer operations are time- 
differentiated, consisting of a temporal 
series of yes-no decisions. The almost 
unlimited geometric differentiation and 
integration that characterize behavior 
and define the course of learning can- 
not be simulated by a computer. 

What we are saying, essentially, is 
that a digital computer is not a human 
teacher. The same could be said, of 
course, for any teaching machine, but 
we are emphasizing it here because the 
very real specialized advantages of com- 
puter systems tend to obscure their lim- 
itations. Within these limitations, the 
possibilities for computer automated 
teaching systems are great if the costs 
involved can be kept in line with the 
purposes served. Future computer sys- 
tems very likely will incorporate visual 
sensing operations far superior to the 
verbal and numerical representations 
now in use. For example, visual dis- 
plays might be sensed and reproduced 
from thousands of cells in mosaic form, 
or by integrating computer and tele- 
vision signals. Research in the area of 
computer simulation is in its infancy but 
already is making significant contribu- 
tions to our understanding of behavior 
organization and performance. 
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SUMMARY 


1. Devices called teaching machines, 
which present response-programed in- 
formation by automatic means, were 
first developed by Pressey prior to 1930, 
but they attracted little attention until 
the last decade when they were pop- 
ularized by Skinner as outgrowths of 
his operant learning research with ani- 
mals. 

2. Pressey’s teaching machines were 
designed both for automatic scoring of 
multiple-choice tests and for teaching. 
Students answered multiple-choice ques- 
tions by pressing one of four keys. The 
correct response triggered the next ques- 
tion. Chemo Cards and punchboards 
provided simpler feedback devices for 
self-instructional tests. 

3. A series of experimental evalua- 
tions of Pressey’s self-instruction de- 
vices confirmed their effectiveness in 
promoting learning when used in con- 
ventional and in accelerated classes. 
Self-instruction was relatively more ef- 
fective for meaningful, structured ma- 
terial, and it promoted learning of 
material not specifically practiced as well 
as of practiced items. Immediate knowl- 
edge feedback appeared to be a signifi- 
cant factor. Overt responses were not 
always necessary. 

4. Military research on self-instruc- 
tion developed a number of devices in 
the 1950s which incorporated knowledge 
feedback. A significant new feature in 
some of these was branching program- 
ing, or variable sequences of items con- 
tingent upon student responses. 

5. Research on the Subject-Matter 
Trainer indicated that prompting a cor- 
rect response is more effective during 
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learning than simply confirming a cor- 
rect response. 

6. Skinner’s teaching machines had 
these advantages also listed by Pressey: 
immediate reinforcement; reinforcement 
after each response; reinforcing nature 
of the task itself; assurance of active 
participation; adaptability to individual 
capabilities; and labor-saving features. 
The significant difference in Skinner’s 
approach was that he rejected the mul- 
tiple-choice technique in favor of com- 
posed answers. 

7. In Skinner’s first devices, students 
solved problems in arithmetic, spelling, 
or reading by positioning sliders. These 
boxes automatically evaluated correct- 
ness. Skinner’s second type of device re- 
quired the student to score his own an- 
swers as correct or incorrect, but he 
could not correct an error until the next 
time around. 

8. Pressey’s and Skinner’s ideas gen- 

erated two trends in teaching machine 
development. Skinnerian programs use 
Composed answers and easy bit-by-bit 
Sequences to teach entire courses. Pres- 
Sey regards self-instruction as useful for 
drill and review and as adjunctive to 
other techniques. 
2. Aside from special devices de- 
Signed to teach arithmetic or spelling, 
Most composed-answer teaching ma- 
chines are simple boxes with no auto- 
Matic features which present material 
and questions on paper rolls, mimeo- 
Staph paper, cards, or film. The same 
type of program can be presented in 
Programed books. 

10, Skinner-type teaching machines 
and programed books use linear pro- 
gtams in which the sequence of ques- 
tions is the same for all students. 

11. Pressey-type teaching machines, 
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employing the multiple-choice principle, 
are more versatile than the composed- 
answer boxes and can be used with 
young, retarded, and handicapped chil- 
dren as well as at higher educational 
levels. 

12. Crowder’s Autotutors were de- 
signed for branching programing in 
which the sequence of items depends on 
the response made by the student. Cor- 
rect answers may lead to the dropping- 
out of certain items, or incorrect an- 
swers may bring on additional remedial 
material. Scrambled books are con- 
structed to allow for branching pro- 

rams. 

13. Audiovisual teaching machines 
emphasize the integration of visual and 
aural, and verbal and nonverbal material 
to achieve flexibility in instructional 
presentations. Some audiovisual devices 
use slides and audio-tape for foreign 
language instruction. 

14. An audiovisumatic system can 
combine lecture-demonstrations _pre- 
sented by tape, slides, and films with 

uestion-and-answer sequences _con- 
trolled by the student’s responses. 

15. The most flexible teaching ma- 
chines are those which utilize digital 
computers to control the program se- 
quence. For such a use, a computer must 
be able to accept student responses and 
compare them with stored information 
in order to determine the appropriate 
next step. The computer must have high- 
speed random access to a large amount 
of programed information. 

16. Computers can be used to teach a 
number of students in different subjects 
simultaneously. The practical limiting 
factors are the input stations and com- 
puter storage and retrieval facilities. 

17. Computer programs dia- 


are 
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gramed as flow charts which indicate the 
types of items and the decision-making 
steps taken by the computer in control- 
ling a branching program. Student com- 
munication with a computer can be 
made to simulate many features of a 
student-tutor interchange. 

18. The most significant potentialities 
of computer techniques are to simulate 
many complex symbolic processes, com- 
municative interactions, and problem- 
solving operations and to process data 
in complicated ways millions of times 
faster than would be possible by unaided 
human individuals. 
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19. Types of simulation useful for ed- 
ucational purposes are sequence simu- 
lation, subject-matter simulation, and 
systems simulation. 

20. Using computers for teaching sys- 
tems is limited by the costs involved, 
the special skills needed to install, main- 
tain, and program computers, as well as 
the restricted nature of the computer 
language and therefore their simulation 
possibilities. These disadvantages must 
be weighed against the important ad- 
vantages of speed, versatility, and flexi- 


bility. 


CHAPTER 


Il 


Programing for 


Self-instruction 


In 1954, when Skinner published his 
first important paper on teaching ma- 
chines, the devices then in existence, that 
were the direct antecedents of today’s 
self-instructional techniques, included 
Tessey’s experimental devices, one or 
More experimental devices at Harvard, 
and several trainers either being planned 
or under development in the Armed 
Forces. By 1960, there were an unde- 
termined number being developed by 
industrialists, psychologists, educators, 
and training specialists, and the first few 
commercially available models appeared 
on the market. By early 1962, 104. differ- 
ent companies were engaged in planning, 
Preparing, or producing either programs 
or devices or both for the school mar- 
ket—this in addition to the uncounted 
Number of experimental and develop- 
mental projects gong on in noncommer- 
Cial institutions (Finn and Perrin, 
1962). The enthusiasm for programed 
Self-instruction may have hit its peak in 
962, if one can judge by the number 
and the tenor of published books and 
articles in the field. As this book goes to 


press, it is not clear whether the appar- 
ent decline in active interest represents 
a natural leveling off of initial excite- 
ment or a general disenchantment with 
the utility of teaching machines and 
programs. 

In the first years of development in 
self-instructional techniques, most of the 
interest centered on the devices rather 
than on the instructional materials them- 
selves, but it soon was recognized that 
the devices were no better than the ma- 
terials used in them (AERA-APA-DAVI 
Joint Committee, 1961, 1963). It was 
also discovered that programing was 
difficult, time-consuming, and had no 
generally accepted rules of procedure 
(Glaser, 1960). Nevertheless the num- 
ber of programs available privately and 
commercially gradually increased to the 
point where a variety of self-instruc- 
tional courses could be offered at all ed- 
ucational levels (Fry, 1961). A re- 
port to the U.S. Office of Education for 
the 1961-1962 school year listed 233 
localities in forty-two states that were 
using programed materials (Hanson, 
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1963). A later summary reported that 
400 programs would be available in 
September of 1963 (Filep, 1963). 

Inasmuch as there still is no general 
agreement about the best way to con- 
struct a program or to use programed 
materials, we shall turn to a closer 
scrutiny of what programing involves. 
How are programs similar and how do 
they differ? Is one type of program bet- 
ter than another for all purposes? For 
some purposes? Is one type of response 
better than another, and why do we 
think so? Can a program be considered 
superior to a conventional textbook, 
inferior to it, or just different? There 
are many more questions to be raised 
in connection with programed self- 
instruction than there are confirmed 
answers. 


VARIATIONS IN PROGRAMS 


The term programing refers essen- 
tially to the arrangement of materials to 
be learned, and it goes without saying 
that good educational design demands 
an order of presentation that will be 
effective in promoting learning. This 
concept is not new. Teachers, textbook 
writers, and curriculum specialists al- 
ways have tried to present material in 
effective ways—from easy material to 
more difficult, in logically ordered se- 
quences, from general to specific and 
from specific to general and always with 
repetition and review of important 
points. But principles of this sort which 
have been implicit in effective teaching 
procedures suddenly took on an over- 
weening importance in the self-instruc- 
tion field, for most programs present 
arbitrarily restricted verbal sequences in 
which ambiguities may not become clear 
and errors of fact are intolerable. 
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In this section, we shall summarize the 
most important ways in which teaching 
programs can vary, most of which were 
mentioned in Chapter 10 in connection 
with the different kinds of devices. It 
should be noted that the design of a self- 
instructional program must be consid- 
ered more carefully if it is intended to 
cover the entire subject matter of a 
course than if it simply is meant to be 
used as an adjunct to other teaching 
procedures. Thus, many of the points to 
be considered in this section are of 
small consequence to adjunctive pro- 
gramers. 


Linear and Branching Programs 


The main characteristics of linear 
programs constructed according to Skin- 
ner’s principles are diagramed in Figure 
11.1. The material is broken up into 
small units and presented in successive 
frames. After answering the first ques- 
tion (or filling in one or more blank 
spaces in a statement), the learner turns 
to the next frame where he gets a check 
answer and the next unit and question. 
This process is repeated to the end of 
the program. There is no provision for 
varying the sequence except to repeat a 
set of frames before proceeding to the 
next set. The characteristics stressed by 
Skinner are the step-by-step procedure, 
the active constructed response required 
of the learner, the prompt reinforcement 
of every response provided by the check 
answer, and the self-pacing permitted the 
learner. 

Most linear programers believe that 
program steps should be gradual enough 
so that errors in response rarely occur. 
It has been suggested that the rate of 
errors should be below ten percent 
(Galanter, 1959), even below five per- 
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Figure 11.1. 
to Skinner's principles. 


cent (Holland, 1961). However, using 
€asy programs made up of very small 
Steps has revealed what Rigney and 
Fry (1961) have called the pall effect— 
the boredom induced by such material, 
especially in bright students. 

The term branching has been applied 
to several different methods of varying 
the presentation of items in a program. 
Crowder’s (1959, 1960) technique is to 
introduce alternative sequences accord- 
Ing to the response made by the learner. 
An error leads to more information and 
Corrective procedures. Another type of 
branching involves choice of alternative 


The main characteristics of linear programs con 


Question 3 


Answer 3 


nstructed according 


subsets of items at key points in a pro- 
gram. For example, a set of questions 
might be introduced to determine 
whether or not the learner has attained 
mastery of a principle. If he answers the 
questions correctly, he is allowed to pro- 
ceed to the next unit, but if he runs into 
difficulty he is given more material deal- 
ing with the same principle. This type of 
branching would require fairly complex 
electronic circuits if handled automatic- 
ally, but it could be achieved with simple 
devices if the programs were packaged 
in small units and given out to students 
according to their previous performance. 
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The term branching also is applied to a 
technique that involves nothing more 
nor less than skipping over a number of 
items. If a learner answers a certain key 
item correctly, he is allowed to skip over 
a certain number of subsequent items. 

Crowder (1960) described a number 
of different branching techniques as in- 
dicated by the diagrams in Figure 11.2. 
Most programers would prefer not to be- 
come involved in some of Crowder’s 
more complicated sequences unless the 
superiority of such programs is estab- 
lished definitely. 


Variations in Response Mode 


The differences between multiple- 
choice and constructed responses have 
been the subject of many strongly 
worded statements but may be more fac- 
titious than real. Skinner and Holland 
(1960) stated baldly that they did not 
use multiple-choice “in order to avoid 
strengthening alternative wrong an- 
swers,” although it never has been es- 
tablished _ that multiple-choice items 
do in fact strengthen wrong an- 
swers. On the other hand, Pressey, 
Crowder, and others feel that multiple 
choice is a valuable technique in self- 
instruction, both from the point of view 
of the teacher and from that of the stu- 
dent. 

Since this controversy over response 
mode is not likely to be resolved to favor 
either type 100 percent of the time, a 
number of teaching devices have been 
designed to be used with either multiple- 
choice or constructed answers. Further 
there is some interest in combining both 
types of response in a single program. 
In Figure 10.13, we pictured our own 
technique of combining multiple-choice 
and constructed answers in the Duo- 
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A Simple Subsequence 


c 
A Wash-back Program 
D 
A Wash-Ahead Program 
E 
Complex Wash-back Program 
Figure 11.2. Branching techniques _de- 


scribed by Crowder. a. A simple program step 
with alternative frames to follow error re- 
sponses. 6. A simple subsequence providing 
further alternative frames following the first 
error alternative. c. A wash-back program. d. 
A wash-ahead program. e. A complex wash- 
back program. (From Crowder. Automatic tu- 
toring by intrinsic programming. In A. A. 
Lumsdaine and R. Glaser (eds.), Teach- 
ing machines and programmed learning: @ 
source book. Washington, D.C.; National Edu- 
cation Association, 1960, pp. 286-298.) 


Mode device. The learner first selects an 
answer on a punchboard, but if an error 
is made, the correct answer must be 
written out one or more times. Accord- 
ing to Carr (1959), Gilbert suggested a 
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reverse procedure in which the learner 
first constructs an answer, then views a 
number of alternatives and chooses the 
one that best approximates his response. 
The teaching machine then provides 
feedback as to whether this choice was 
correct. 

One of the disadvantages of using 
Constructed responses is the time re- 
quired to write out answers. A student 
who understands the material well often 
Tesents the slow pace imposed by this 
Procedure. One way to speed up the 
Process is to use a device such as the 
Auditutor, which presents instructional 
material aurally by means of Track No. 
1 of audio-tape, and records the stu- 
pov spoken response on Track No. 2. 
each response, the Auditutor stops 
4 that the student can choose whether to 
ee to the next unit, to review pre- 
meat agate and answers, or to re- 
en is previous answer. Vocal re- 
i be more advantageous 
1 Written responses in a number of 
Circumstances. 


Repetition and Drop-out 
e = repetition and review needed for 
es learning and retention some- 
other ae built into a program and at 
earn times are achieved by having 
the a repeat sets or programs until 
ot Skin, achieved mastery. Holland 
Used inner’s (1961) programed book 
a lot of repetition of words, 
eg and principles in different 
at ie and also provided review sets 
a tea, ois throughout the book. When 
e et ing device is used, a learner can 
Until :‘ ired to repeat a given set of items 
Seen © makes no errors. As we have 
out i some devices are designed to drop 
question after it has been answered 
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correctly once, and some devices drop 
items after two or more correct re- 
sponses. Since it is easier and more 
economical to construct a machine that 
drops an item after only one correct re- 
sponse, Rothkopf (1960) tried to deter- 
mine whether there is any advantage to 
the more complicated procedure of drop- 
ping jtems after two correct responses. 
He compared the effectiveness of learning 
a set of items to mastery in these two 
ways: first, by eliminating an item from 
the practice series after one correct re- 
sponse and at the end repeating the en- 
tire procedure; and second, by eliminat- 
ing each item after two correct re- 
sponses. In both cases, each item was 
practiced to a criterion of two correct re- 
sponses, and Rothkopf found that the 
two methods were about equally effec- 


tive. 


Prompts and Pacing 

Most programers agree that learning 
in a_self-instruction situation will be 
more effective if the learner does not 
many errors. In most linear 
a low error rate is assured by 
designing the early frames with many 
cues and prompts. However, some of the 
complicated teaching machines are 
and withdraw 


make too 
programs, 


more 
designed to resent 
prompts automatically, so that the pro- 
grams used in the machine need not be 
as lengthy. For example, the multiple- 
choice Subject-Matter Trainer (Figure 
10.3) permits practice under several 
conditions, selected by turning a control 
knob (Briggs, 1958). In the coaching 
mode, the learner observes the item and 
then presses 4 switch which activates a 
green light beside the correct response. 
In another mode, the learner selects his 
own response but is allowed only one 
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error per item. After each error the 
green light comes on next to the correct 
answer. The practice mode withdraws all 
prompts and requires the learner to 
make the correct responses on every 
item, the single-try mode allows only 
one attempt on each item, the paced- 
practice mode controls exposure time, 
and the testing mode provides no feed- 
back but keeps score. 

Although  self-instruction usually is 
paced by the individual learner, it is de- 
sirable in some skill training to pace the 
learner automatically in order to in- 
crease his speed of response. For this 
reason, the Subject-Matter Trainer de- 
scribed above provides a paced-practice 
mode. The Solatron Automatic Key- 
board Instructor (SAKI), which was 
designed to train card punching, auto- 
matically paces the student according to 
his demonstrated proficiency at the 
time (Pask, 1958). The SAKI trainer 
also employs an ingenious prompting 
mode. During the early part of training, 
a light comes on behind the key which 
is to be punched, but as the learner be- 
comes more proficient, the prompting 
lights become dimmer and gradually dis- 
appear. 

The gradual withdrawal of cue lights 
in SAKI is analogous to the technique 
known as vanishing or fading in verbal 
programs, which refers to the gradual 
withdrawal of prompts in a sequence of 
frames. Lumsdaine (1960) suggested 
the possibility of varying cue strength 
in verbal programs by physical changes 
rather than by semantic variations. Thus 
a stimulus cue might vary in brightness, 
duration, resolution or focus. If physical 
variations were used, the cue could be 
faded in during an item instead of being 
faded out over a sequence of items. The 
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learner presumably would respond at 
successively lower cue strengths as learn- 
ing progressed. 


Feedback Schedules 


A generally accepted requirement of 
programed self-instruction is immediate 
knowledge of results or confirmation of 
the correctness of the response. It also 
is considered desirable to provide op- 
portunity for correction in case of error. 
In practice there are variations both in 
correction techniques and schedules of 
knowledge feedback. 

The frequency of knowledge feedback 
is determined principally by step size 
and the size of the response segment that 
is confirmed by the program. Some 
teaching machines confirm one letter or 
digit at a time, as, for example, com- 
puters or the Wyckoff Film Tutor in 
Figure 10.8. In most cases, however, a 
longer answer must be chosen or one 
or more words filled into the blanks in 
a frame before knowledge of results is 
available. 

Some work has been done with pro- 
grams that delay definite confirmation 
until after more than one response has 
been made. Skinner (196la) has de- 
scribed a two-stage response in which 
the student is given a question, con- 
structs his answer, and then is given 
additional information. If his answer is 
wrong he may realize it from the new 
material and he has a chance to correct 
before uncovering the correct answer. 
In some of Crowder’s branching se- 
quences, a student who has erred may 
proceed for several frames of explana- 
tions and remedial material before being 
given the correction and told to return 
to the frame where the mistake was 
made. 
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CONSTRUCTING PROGRAMS 


After the general design of a program 
has been established, the real work of 
writing and arranging material begins. 
In the first few years of activity in the 
self-instruction field, everyone who 
worked with programs freely shared his 
experiences, so that there were almost as 
many analyses of programing techniques 
as there were programers. Most of these 
analyses apply mainly to linear complete- 
Course programing, including those sum- 
marized in the first part of this section. 
Relatively few suggestions have been 
made about how to construct branching 
Programs or programs for adjunctive 
use. 


Aspects of Program Planning 


. Meyer (1959) identified these three 
important questions that must be asked 
by the programer: 
1. What relevant behavior is avail- 
able at the start? 
2. What behavior constitutes com- 
petence in the subject to be programed? 
3. What is the best order of steps? 
These points are broken down into 
Sreater detail by Quinn (1963), who 
Prepared a description entitled, “How to 
rogram (in 10 Difficult Lessons) ,” 
after spending three years at Fort Mon- 
mouth School programing courses and 
teaching others how to program. Quinn’s 
first three steps have to do with Meyer’s 
Second point, identifying the final com- 
petence desired of the learner. First, 
according to Quinn, the programer 
Writes out the Terminal Behavior State- 
ment, specifying exactly what he is aim- 
ing for. Second, he defines the degree of 
Competence required of the learner, 
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specifying the relevant conditions under 
which the behavior is to be elicited, the 
accuracy and speed required, and so on. 
Third, it is a good idea to compose a 
final test of achievement at this early 
stage, to give the programer a clearer 
idea of his subject. 

Quinn’s fourth step is the identifica- 
tion of the student, which includes 
Meyer’s first point. Before a program is 
written, the programer must identify the 
type of individual who will use it, espe- 
cially the state of knowledge or previous 
education that can be assumed. Any 
other characteristics that are relevant 
should be stated—sex, age, visual acuity, 
and so on. Very often a pretest should 
be devised to accompany the program. 
Satisfactory performance on the pretest 
would indicate that an individual could 
proceed. 

The remaining six steps in Quinn’s 
analysis are related to Meyer’s third 
point—determining the best order of 
steps. Briefly. Quinn’s fifth step is to 
determine intermediate objectives or 
subgoals to be attained along the way to 
final competence. Then prover frames 
should be constructed to test the learn- 
er’s mastery of each subordinate objec- 
tive. A prover frame, as a test frame for 
a sequence, is completely faded, that is, 
without prompts of any kind. The over- 
all sequence of the program then is de- 
termined by putting the prover frames in 
the most effective order. Finally, the 
lead-up frames are constructed for each 
prover frame. Each achievement unit is 
completed by applying specific tech- 
niques of cueing, redundancy, and fad- 
ing. Quinn’s last step is the Tryout and 
Revision, or the proof of the pudding. 
The program is tried out on subjects 
and each step is analyzed for imperfec- 
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tions. Quinn suggested that the actual 
number of frames be kept fairly low in 
the first writing, for it is much easier to 
add frames where they are needed than 
to delete frames from an overlong pro- 
gram. The main thing to watch for in 
the tryout is the error rate; any item or 
sequence which has an error rate of 
more than about ten percent may be 
ambiguous or too difficult. Corrective 
procedures are rewriting frames, adding 
new frames, and rearranging the se- 
quence. 

Klaus (1961a) suggested an evaluative 
procedure to be used prior to the tryout 
stage. His idea was to have the draft 
frames edited three times—first by an- 
other programer, second by a technical 
expert, and third by a skilled writer. 
Then after a tryout and revision, or 
more than one revision if necessary, the 
technical expert should be asked to re- 
view the frames again. 


Writing Frames (Skinner 
and Holland) 


According to Skinner’s principles, the 
individual frames of a program should 
be written to lead the learner from 
ignorance to mastery of a subject matter 
with as few errors as possible. To do 
this, the programer breaks up the sub- 
ject matter into very small bits or steps, 
arranges the steps in a meaningful 
sequence from easy to more difficult 
items, and uses many cues, prompts or 
ancillary information to insure correct 
answers. As the program progresses 
through a set of frames, the prompts are 
gradually withdrawn (vanished or 
faded) until the learner is emitting cor- 
rect responses with no obvious props. 

Holland (1959), who worked with 
Skinner in programing material on psy- 
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chology, listed the following specific 
techniques for eliciting new or low 
strength responses with a minimum of 
error (examples are from Skinner and 
Holland [1960] and Holland and Skin- 
ner [1961]): 


1. Give the student short passages of 
informational material, graphs, etc. to 
refer to while working on a particular 
set. 

2. Use new words in a series of 
frames before requiring the student to 
use them. Example: In Holland and 
Skinner’s (1961) programed book on 
The Analysis of Behavior, Part I, Set 1, 
the word “elicits” is required as a 
correct answer to Frame 8 (“A stim- 
alws—_a response.”). Prior to 
that, the word “elicit” had been used in 
Frame 4, “elicits,” in Frames 5 and 7, 
“eliciting” and “elicitation” in Frame 8. 

3. Move from definitions to examples 
within a single frame. Example: “A 
technical term for reward is reinforce- 
ment. To reward an organism with food 
is to. it with food. (reinforce)” 

4. “Lead-in” from assumed common 
knowledge. Example (Part I, Set 1, 
Frame 1 from Holland and Skinner): 
“A doctor taps your knee (patellar ten- 
don) with a rubber hammer to test 
your. . (reflexes or reflex)” 

5. Indicate relevant categories to 
which the response term belongs. Ex- 
ample: “Reinforcement which consists 
of presenting stimuli (e.g., food or 
water) is called positive reinforcement; 
reinforcement which consists of termi- 
nating stimuli (e.g., loud noises or pain- 
ful stimuli) is called____reinforce- 
ment. (negative) ” 

6. Use high-association words or 
common phrases. Example: “A reward 
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simply makes it more—————that_ an 
animal will behave in the same way 
again. (probable, likely, or certain)” 
7. Eliminate undesired alternative re- 
sponses by careful phrasing of the 
frames. Example: “Coins are condi- 
tioned reinforcers. _ (general- 
ized)” The item, “Coins are—— 
reinforcers,” will elicit the word “con- 
ditioned” in many cases; this is avoided 
by putting “conditioned” in the item. 


Holland and Skinner also have used 
what they call formal prompts on occa- 
Sion, for example, indicating the num- 
ber of letters in the desired word, using 
the beginning or ending or other se- 
lected letters of the desired word, or 
Presenting the item in rhyming form. 
The last is more suitable for young chil- 
dren. 


Writing Frames (Smith) 

D. E. P. Smith (1959) outlined the 
techniques of writing frames in some- 
What the same way as Skinner and 
Holland, but in greater detail. According 
to Smith, frames are used to introduce 
Concepts and to show the relationships 
between concepts and operations. Con- 
cepts can be introduced by definition, by 
example, by anticipation, or by prompts. 
If a definition is used first, it should be 
@ common-sense statement rather than 
technical and should be followed in the 
Same and later frames by examples. Con- 
trast is used to refine the student's dis- 
crimination. If examples are used first, 
they should be followed by the general 
definition. Introduction by anticipation 
is Holland and Skinner’s technique of 
using a word in a number of frames 
before requiring it as an answer. 

Smith listed seven categories of verbal 


283 


or mechanical prompts available to a 
programer. First, prompts can depend 
on similarity of ideas, of signals (for 
example, inserting a word or phrase to 
indicate the type of answer required), 
and of grammatical construction. 
Prompts also can depend on contrast 
of ideas or of signals. Grammatical con- 
struction sometimes limits the range of 
response, and echoic behavior may be 
used to elicit a word that has just been 
used in the frame. When a rule is stated 
in simple terms, the steps leading up to 
it can be elicited by a sense of the whole. 
Hints about previously learned material 
can be used if a problem requires use 
of that learning. Finally, there are 
mechanical prompts similar to those 
listed by Skinner and Holland. 

Once the concepts are introduced into 
a program, “it is necessary to build a 
web of learning” to lead to true under- 
standing of the subject matter. The prin- 
cipal techniques here are pure repetition, 
repetition by variation—by pointing out 
similarities and contrasts—and building 
developmental sequences. According to 
D. E. P. Smith, “if there are several 
ways to say the same thing, use them all. 
Redundancy is required.” The purpose 
here according to generally accepted 
principles of linear programing is 
repetition not just to give practice but 
to elicit responses in many different con- 
texts to insure transfer or generalization 
to future situations. 

As a set of frames proceeds, vanishing 
or cue reduction should be used so that 
the learner becomes less and less de- 
pendent on the prompts and verbal 
structures in his responding. Finally, 
there should be a summation at the end 
of a sequence to integrate all the con- 
cepts and operations. Reviews should be 
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inserted periodically throughout a pro- 
gram. D. E. P. Smith’s last three points 
bear repeating as indicative of the linear 
programer’s point of view: 


A. Don’t expect much independent 
thought of the learner. Make the steps 
so small that he cannot err... . 

B. Stick to one element (concept or 
operation) at a time. Eliminate all ir- 
relevancies except contrived “anticipa- 
tors.” 


C. Keep the amount of work (com- 


plexity of recall) very low per rein- 
forcement. 


The Ruleg System 


In a paper presented first in 1959, 
Homme and Glaser (1960) tried to 
bring some precision into programing 
procedures. They started by analyzing 
hypothetical verbal interchanges between 
a tutor and a pupil, and they concluded 
that a large part of the tutor’s verbal 
behavior could be classified as either 
principles or abstractions—that is, rules 
—or as instances or special cases—that 
is, examples. Proceeding from the prem- 
ise that subject matter can be analyzed 
into rules and examples of different lev- 
els of complexity and abstractness, these 
authors evolved what they called a ruleg 
system of programing in which a rule 
is a rw and an example is an eg. As used 
in a frame, rus and egs are either com- 
plete or incomplete, that is, with one or 
more words omitted. There also can be 
false rus and false egs. Every frame in a 
program is composed of one or more of 
these units. 

Working with this classificatory sys- 
tem, Homme and Glaser with their col- 
league Evans approached programing in 
a somewhat different way from Skinner. 
They felt that the important thing was 
to state the rule immediately in the first 
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frame with an incomplete example. Once 
the concept is out in the open, it is re- 
fined by further examples and negative 
cases. Generalization of learning is 
achieved by using a wide range of egs, 
while discrimination between classes is 
dealt with by using false egs. 

The differences between Skinner’s 
original approach and the ruleg system 
can be illustrated by comparing a few 
frames from a program in High School 
Physics, which was described by Skinner 
(1958b), with a sequence of frames 
based on the same material rewritten by 
Homme and Glaser as rus and egs. From 
Skinner’s program, we have selected 
Items 1, 2, 3, 12, 13, 14, 33, 34, and 35 
to illustrate how the program progressed 
in difficulty: 


1. The important parts of a flash- 
light are the battery and the bulb. 
When we “turn on” a flashlight, we 
close a switch which connects the bat- 
tery with the____, (bulb) 

2. When we turn on a flashlight, an 
electric current flows through the fine 
wire in the. and causes it to 
grow hot. (bulb) 

3. When the hot wire glows brightly, 
we say that it gives off or sends out 
heat and. .. + (light) 

12. Both the color and the amount of 
light depend on the______of the 
emitting filament or bar. (temperature) 

13. An object which emits light be- 
cause it is hot is called “incandescent.” 
A flashlight bulb is an incandescent 
Source of _____. (light) 

14. A neon tube emits light but re- 
mains cool. It is, therefore, not an in- 
candescent____of light ... source) 

33. Sunlight is____by very hot 
gases near the surface of the sun. 
(emitted) 

34. Complex changes similar to an 
atomic explosion generate the great 
heat which explains the_____of 
light by the sun. (emission) 
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35. Below about_____degreess Ceel- 
sius an object is not an incandescent 
source of light. (800) 


Now let us look at the first five items 
from Homme and Glaser’s suggested 
program dealing with the same material, 
described in terms of rus and egs: 


(ru + incomplete eg) 1. To “emit” 
light means to “send out” light. For 
example, the sun, a fluorescent tube, 
and a bonfire have in common that they 
all send out or___—light. (emit) 

(incomplete eg) 2. A firefly and an 
electric light bulb are alike in that they 
both send out or. light. (emit) 

(ru + incomplete eg) 3. Any object 
which gives off light because it is hot 
is called an incandescent light source. 
Thus a candle flame and the sun are 
alike in that they both are. 
sources of light. (incandescent) 

(incomplete eg) 4. When a blacksmith 
heats a bar of iron until it glows and 
emits light, the iron bar has become 
a(n) source of light. (incan- 
descent) 

(false eg) 5. A neon tube emits light 
but remains cool. Unlike the ordinary 
electric light bulb, then, it is not an 
_—of light. (incandescent 


source) 


The material that was dealt with in 
thirty-five frames by Skinner was com- 
pleted in twenty-one frames in the ruleg 
program. Homme and Glaser reported 
that besides achieving some economy in 
Programing, their vocabulary facilitated 
talking about programs and made in- 
Struction in programing techniques 
somewhat easier. More importantly, 
their approach facilitated the program- 
ing process itself. They felt that a pro- 
gramer who can state a rule and some 
examples is off to a good start. Further, 
this technique of stating the rule first 
meant that variables such as step size 
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and cue fading lost importance, for there 
was no need to work up to a concept 
gradually and prompts could be with- 
drawn almost at once. Such specific ques- 
tions as these concern ruleg programers: 
How quickly should extensive variations 
in the egs occur? and, How many egs 
are sufficient? However, lest they might 
seem too sanguine about their system, 
Homme and Glaser reminded us that 
there are still important problems rela- 
tive to the breaking of rus into subrus, 
and the ordering and amount of 
strengthening of rus and egs. 

A more complete exposition of the 
ruleg system by Evans et al. (1960) de- 
scribed a procedure for identifying the 
verbal relationships that ought to be 
established in a program. Their tech- 
nique is to specify all the terms or rus 
that make up a subject matter of a pro- 
gram and to place them on both axes of 
a matrix. Each intersecting cell of this 
ruleg matrix identifies an intraverbal 
connection which might be useful in 
teaching the subject matter or providing 
prompts. From the total number of these 
connections displayed on the matrix, the 
programer selects some for inclusion in 
his program. 

Evans et al. suggested that matrices 
be made up for every interrelationship 
that is to be developed among the rus, 
for example, one matrix for relators and 
one for discriminators. The cells of these 
matrices are filled in with appropriate 
examples which then are used for frames 
of the program. 


The Pall Effect 


The pall effect sometimes induced in 
learners by the products of linear pro- 
graming is no more deadly than a simi- 
lar reaction induced in readers by the 
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many analyses of programing tech- 
niques. We could go on to recount 
Galanter’s (1959) listing of programing 
problems, Beck’s (1959) analysis of 
teaching rules and the teaching process, 
Gilbert’s (1960a) classification of types 
of frames, Carr’s (1959) bilevel descrip- 
tion of programing as the curriculum 
specialist views it and as the psycholo- 
gist views it, Klaus’s (1961la) summary 
of twelve rules of programing, Jacobs’ 
(1962) detailed comparison of program 
construction and test construction, and 
so on, not quite ad infinitum. However, 
we think we have given enough detail on 
the various programing techniques to 
demonstrate why the pall effect described 
by Rigney and Fry (1961) is a real and 
present danger. 

Several characteristics of linear pro- 
grams contribute to their implicit 
tedium, but the most obvious is the 
repetition that is deemed necessary to 
teach material in this fashion. All an- 
alyses of programing stress the im- 
portance of repetition. Smith (1959) 
said, “if there are several ways to say 
the same thing, use them all.” Klaus 
said that when a particular response 
stops ringing in a programer’s ears, 
it probably is time to review this re- 
sponse in the program. He claimed that 
monotony could be reduced by varying 
cues and contexts, but neither Klaus nor 
any other programer has found a sure 
way to eliminate monotony. 

To give an example of the repetitious 
nature of linear programs, we have 
analyzed the first two sets of Holland 
and Skinner’s (1961) The Analysis of 
Behavior, which, it should be noted, 
purports to present an introduction to 
psychology at the college level. Part I, 
the first of fourteen parts, is entitled 


Reflex Behavior and is divided into six 
sets. The first two sets deal with “Simple 
Reflexes” and “Conditioned Reflexes.” 
The remaining four sets of Part I con- 
tinue with conditioned reflexes, Pavlov’s 
experiments, and the response mech- 
anisms. 

Set 1 of The Analysis of Behavior 
contains fifty-four frames which require 
seventy-six fill-in answers, almost always 
one-word responses. Out of this total, 
the following words are required most 
frequently: 


Stimulus . 1 


4 
Response (or responds) 9 
Reflex 8 
Elicit (elicits or elicited) 8 
Latency if 
Threshold 7 


53 (out of 76) 


Thus six words are used for seventy 
percent of the answers in the first set, 
and most of the other answers deal with 
such concepts as magnitude, intensity, 
greater, smaller, and so on. Set 2 con- 
tains thirty frames which require thirty- 
four answers. A few of these repeat the 
most frequent answers of the first set, 


but the majority deal with conditioning, 
as follows: 


Conditioning (or 
conditioned ) 9 
Unconditioned 
(unconditioned reflex 
or unconditioned 


stimulus) 8 
Extinguished (or 
extinction) 4 


21 (out of 34) 
Again a few words are repeated for al- 
most two-thirds of the answers. 


Another characteristic of linear pro- 
grams that makes them seem dull and 
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lifeless is the deliberate simplicity of 
each frame. Programers proceed on the 
assumption that any portion of an item 
which is not necessary for the student 
to arrive at the correct answer probably 
is not taught by the item and therefore 
should be deleted. Smith (1959) said 
programers should “Eliminate all irrele- 
vancies except contrived ‘anticipators.’ ” 
Frames designed in this manner may 
lead the learner directly to the response 
desired by the programer, but they do 
little to stimulate the learner’s interest in 
the larger aspects of the subject matter. 

A third deadening feature of linear 
programs is the contrived artificiality of 
their structure. This is more serious in 
programs that deal with higher-level 
fields of verbal knowledge than in those 
that teach very specific systems of 
knowledge, such as_ spelling, mathe- 
matics, or foreign languages, and it is 
more serious for older learners than for 
younger. College students, for example, 
attempting to gain some understanding 
of a complex subject matter deserve 
more than the verbal and mechanical 
artifices of a typical linear program. 
The tiny bits of information doled out in 
discrete steps, the verbal and gram- 
matical tricks, the mechanical prompts, 
the “turn to the next page.” and “go back 
to page 10”—all this patronizing spoon- 
feeding is calculated more to frustrate 
them than to enlighten a student worthy 
of the name. Or consider a ruleg matrix. 
Why should it be supposed that relating 
terms to each other on a correlational 
grid will reveal the inherent organization 
of a subject matter? This technique, 
along with the other devices that struc- 
ture a linear program, tends rather to 
obscure the meaningful interrelation- 
ships than to clarify them. It is a very 


287 


real danger that the student plodding 
through a linear program will not be 
able to see the forest for the trees. 

Although to some of us it appears 
that linear programs are inevitably a 
dull and mechanical medium for the 
exchange of ideas, the programers them- 
selves are always hopeful that this is not 
the case. Holland (1961) said that pro- 
graming principles in themselves are no 
excuse for “dull, humorless, mechanical 
writing.” And Quinn (1963) com- 
plained that programers get so involved 
with cueing, fading, and redundancy 
that their writing lacks the “divine fire” 
of the resourceful teacher. But then a 
resourceful teacher never learned his 
communicative skills in an animal 
laboratory. 


Branching Programing 

Crowder (1959, 1960) has not been 
as explicit as have the linear programers 
in describing his techniques for con- 
structing branching programs. One 
reason for this is that branching pro- 
grams usually are written in the familiar 
expository style of textbooks and oral 
lectures without the restrictions imposed 
by Skinner’s principles of step-by-step 
progression. Another reason is that 
branching programers are not as con- 
cerned about the error rate as linear 
programers inasmuch as the technique is 
devised to provide remedial material 
after errors are made. An error indicates 
that the communication process has been 
faulty, so another approach is tried. 

According to Crowder, if a student 
does make an error the problem is 
not solved simply by revealing the cor- 
rect answer, as is done in linear pro- 
grams, for the failure in communication 
occurred before the response was made. 
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What is needed following an error is 
an attempt to repeat or revise the com- 
munication process, as is provided by 
the alternative material in a branching 
program. There is some casual evidence 
to support this point of view. For ex- 
ample, Keislar (1959) reported a re- 
mark made by a fifth-grade pupil who 
had completed a program on under- 
standing the areas of rectangles: “It’s 
hard to know why you get something 
wrong. When I got it right, I knew it. 
When I got it wrong, I didn’t know 
why.” 

Branching programs can be used ef- 
fectively in areas where the alternatives 
are not clearly right or wrong. For ex- 
ample, branching programs have been 
written to play bridge with the reader. 
Complex choices which involve degrees 
of rightness or wrongness could not be 
handled effectively by linear programs. 

As of now, the techniques used in con- 
structing branching programs are mainly 
intuitive as they are in writing text- 
books. Jacobs (1962) pointed out that 
to construct a good program of this 
kind, one needs to know the common 
errors that are made at each choice 
point, the source of these errors, and 
the remedial material that will be most 
effective for each one. 


Adjunctive Programing 

Pressey and others who believe that 
self-instruction should be an adjunct to 
teaching rather than the main medium 
take a very different view of programing 
from those described above. According 
to Pressey’s (1963) point of view, the 
initial presentation of most types of in- 
structional material should not be in 
bits and pieces but in a larger, mean- 
ingful whole. Most often this would be 
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by textbook, but it might be, for ex- 
ample, by field trip, demonstration, or 
experiment. After the first presentation 
has given the learner a chance to “move 
about freely in the material” and to 
grasp its larger structure, self-instruction 
might very well be used to enhance the 
clarity and stability of the subject mat- 
ter. Used in this way, a self-instructional 
program “will deal only with issues 
which need further clarification or em- 
phasis. Such adjunct autoelucidation will 
not cover everything, may jump from 
one point to another or even back and 
forth.” 

Selecting items for such an adjunctive 
program would involve a determination 
of those points in any subject matter 
that cause the most difficulty for learners. 
The order of presentation of the items 
would not be particularly important, for 
the structure of the subject matter is 
presented in other ways. The initial 
error rate is of no particular importance 
either, for the student is expected to 
correct his own mistakes. In Pressey’s 
opinion, the items usually should be 
presented as multiple-choice questions 
with one notably clear right answer and 
“only such wrong alternatives as express 
common misunderstandings.” 

Although Pressey offered no specific 
techniques for constructing items, 
Stephens (1960) investigated several 
special arrangements of multiple-choice 
alternatives. With a standard inside- 
alternates procedure, where each of the 
wrong alternatives for each item appears 
as a right choice for another item, no 
increase in learning was found. A 
special grouping in which each right 
alternative appeared as a wrong alterna- 
tive for the next three items improved 
practice performance but did not affect 
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recall. However, a paired-inside-alter- 
nates arrangement (putting two Russian 
words at the beginning and end of each 
line and their English equivalents be- 
tween) did improve performance on the 
recall test. Stephens’ study shows that it 
is possible to investigate multiple-choice 
items objectively in order to improve 
them. 


THEORETICAL CONSIDERATIONS 


In Chapter 6 we noted that the early 
literature on audiovisual techniques was 
concerned almost entirely with practical 
and applied aspects and that the theo- 
retical problems were a secondary con- 
sideration. Quite the reverse has been 
true of the field of self-instruction, where 
theory has been a central concern 
throughout the past decade. The litera- 
ture on teaching machines and pro- 
gramed learning is marked by claims 
and counterclaims, arguments and coun- 
terarguments, often supported by only 
the most tenuous assumptions. 


The Operant Conditioning Model 

No one in the self-instruction field has 
applied theoretical constructs to the de- 
sign of devices and programs as persist- 
ently and as confidently as have Skinner 
and those who share his views. The oper- 
ant conditioning principles and methods 
that appear to work so successfully in 
training animals are assumed to apply to 
human learning as well. The assurance 
with which the Skinnerian theorists 
apply their animal training techniques 
to the complexities of human behavior 
is illustrated by this passage from Hol- 
land (1960) : 


When developing a complex perform- 
ance in a pigeon, we may first reinforce 
simply the behavior of approaching the 
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food tray when it is presented with a 
loud click. Later the pigeon learns to 
peck a key which produces the click and 
the food tray. Still later, he may learn to 
peck this key only when it is lit, the 
peck being followed by the loud click 
and approach to the food tray. In the 
next step, he may learn to raise his head 
or hop from one foot to another, or walk 
a figure-8, in order to produce the 
lighted key which he then pecks; the 
click follows; and he approaches the 
food tray. This principle of gradual pro- 
gression runs through many of the 
teaching machine techniques. Both hu- 
man and avian scholars deserve the same 
careful tutorage. 


The Skinnerian approach exemplified 
by this passage proposes to revolutionize 
education by leading the learners 
through a carefully arranged series of 
small steps from ignorance to mastery 
while they seldom if ever encounter 
failure. Let us ignore for a moment the 
ghost of Rasputin (or is it George 
Orwell) and try to judge Skinner’s con- 
cepts on their psychological merits. First 
of all, there are some obvious things to 
be said about the pigeon analogy. People 
are not pigeons. They do not behave 
like pigeons and probably do not—ex- 
cept under certain restricted circum- 
stances—learn like pigeons. Further, the 
complex sequence described above that 
was taught the laboratory pigeon has no 
inherent structure and organization ex- 
cept in the thinking of the experimenter 
and thus has no meaning to pigeons in 
general. In fact, the learned behavior has 
no meaning and serves no adaptive func- 
tion for the pigeon that learned it except 
under the arbitrary and artificial ar- 
rangements of the operant conditioning 
laboratory. In contrast, the sort of be- 
havior taught to human students in 
schools is meaningful to people in gen- 
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ety of situations in school and out, and 
is subject to confirmation or correction 
by the way it falls into place within the 
larger area of human knowledge and ex- 
perience. No one would disagree seri- 
ously with these comments except at one 
point: psychologists do disagree as to 
whether learning is one constant biologi- 
cal function that applies to all species at 
all times. Can principles of learning that 
describe the behavior of animals in 
laboratories be transposed without modi- 
fication to meaningful human behavior? 


Limitations of the Operant Model 


The attempt to reduce all learning to 
the operant conditioning model has 
found many in disagreement. Hilgard 
(1956) concluded, “There are probably 
a number of different kinds of learning 
which have emerged at different evolu- 
tionary periods, . . . It is quite probable 
that these different kinds of learning 
follow different laws.” Significantly, the 
differences in learning patterns have 
been most apparent and most impressive 
to people whose primary concern is 
with meaningful human learning in edu- 
cation and training, while the enthusi- 
asm for applying conditioning principles 
to these human situations has been gen- 
erated originally by animal psycholo- 
gists. 

For our present purposes, we shall 
skirt the general issues of learning 
theory and confine ourselves to several 
questions about the use of the condi- 
tioning model to describe programed 
learning. In the first place, although the 
concept of reinforcement is of prime 
importance in Skinner’s analysis, it is 
not without ambiguity. In operant con- 
ditioning, reinforcement is an external 
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event brought about by a response which 
increases the probability that the re- 
sponse will reoccur. In self-instruction 
or programed learning as in other 
operant learning, the reinforcement pre- 
sumably must be made precisely con- 
tingent upon the behavior that is being 
taught (Porter, 1958). However, when 
we examine the behavior of the learner 
more carefully, we cannot be completely 
sure what constitutes the reinforcement. 
Is it the manipulation involved in op- 
erating a device? Skinner (1954) him- 
self said, “The sheer control of nature 
is itself reinforcing,” but an individual 
can control a simple Skinner teaching 
box or programed book whether his 
answer is right or wrong. If manipula- 
tive control is an important reinforcer, 
then we should stick to teaching ma- 
chines that progress to the next question 
only after a correct response has been 
made. Inasmuch as Skinner abandoned 
that type of controlled progression, we 
must assume that he depends on rein- 
forcements other than “the sheer con- 
trol of nature.” 

Is confirmation of correctness the re- 
inforcement? Carr (1959) objected that 
confirming the correctness of a learner’s 
Tesponses may be expected to be rein- 
forcing only if the learner’s motivation 
is intrinsic to the task being learned. In 
other words, confirmation in and of it- 
self is not enough; the learner must be 
otherwise motivated to perform. Further, 
evidence is accumulating that shows con- 
firmation of correctness not to be an 
essential feature of self-instruction. Skin- 
ner and Holland (1960) reported that 
students using their teaching disks 
showed a tendency to put down any an- 
swer in a hurry in order to move ahead 
and see the correct check answer. And 
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seeing the answer was not “precisely 
contingent” upon making the correct re- 
sponse, for it sometimes followed an in- 
correct response. In this case, was it just 
any response that was being reinforced? 
Again, Homme and Glaser (1960) re- 
ported instances in their experimental 
work on programed materials when the 
correct answers were omitted inadver- 
tently from the cards used by the 
learners. To their surprise, the learners 
sometimes insisted that the omission 
made no difference: “Oh, it didn’t bother 
me, I knew my answers were right any- 
way.” To these learners, extrinsic con- 
firmation of correctness was not always 
necessary and no external reinforcement 
was “precisely contingent” upon their 
responses, yet they learned the material. 
We are left with the feeling that no 
one has pinned down the exact nature 
of the reinforcement in self-instruction 
and that learners sometimes learn even 
without specific reinforcements. Human 
students often are too impatient to wait 
around to have their behavior shaped 
bit by bit, especially if the new material 
is meaningful and fits well into their 
present knowledge. In our opinion, 
Meaningful learning is controlled more 
by the organization of the subject mat- 
ter, the way it conforms to prior knowl- 
edge, and the adaptive functions it 
serves than by discrete rewards. 
Another question raised by Skinner’s 
approach to programed learning is 
whether the elimination of errors in ed- 
ucation and training is necessary Or even 
desirable. The bit-by-bit linear programs 
are designed on the assumptions that 
errors are aversive and should be mini- 
mized, that many reinforcements of cor- 
Tect responses are desirable, and that 
complex behavior is learned by follow- 
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ing a series of small steps from simple 
to complex. According to Amsel (1960), 
there is no body of experimental evi- 
dence to support Skinner’s assumption 
that errors should always be minimized, 
and he suggested two circumstances 
when it might be desirable to evoke 
errors. If a learner starts instruction 
with relatively strong incorrect response 
tendencies, these incorrect responses 
should be elicited so that they can be 
nonrewarded and thus weakened. Amsel’s 
second circumstance concerns the con- 
sequences of making an error. To the 
extent that an incorrect response might 
have serious or dangerous consequences, 
to that extent should it be elicited so 
that it can be weakened. 

Amsel’s argument is that incorrect 
responses in some circumstances are de- 
sirable from the point of view of efficient 
learning. Pressey made somewhat the 
same point with respect to selecting the 
alternatives for multiple-choice ques- 
tions. He suggested that only those al- 
ternatives should be used which repre- 
sent common misconceptions. A more 
commonly expressed argument is that 
errors serve a useful purpose in inform- 
ing the teacher where further instruction 
is necessary. As Crowder said, errors in- 
dicate when the communication process 
has failed and when another or a dif- 
ferent approach is needed. 

In spite of all arguments to the con- 
trary, however, Skinnerians are firm in 
their belief that errors should be mini- 
mized or eliminated in learning. On this 
basis they reject multiple-choice ques- 
tions because of the possibilities for 
incorrect response and they reject 
Crowder’s type of branching programs 
because they are designed on the as- 
sumption that errors will occur. (The 
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only type of branching acceptable to 
Skinnerians is to skip over a certain 
number of items.) Even if this arbitrary 
restriction of the learner’s performance 
to correct responses is conducive to effi- 
cient learning of those particular re- 
sponses that appear in the program— 
and this point has not been proved—we 
wonder what effect it might have on re- 
lated behavior outside the learning situa- 
tion. Is a learner who never is_per- 
mitted errors equipped to deal with the 
realities of human living? 


Inflexibility of Linear Programs 


If we were to attempt a summary 
evaluation of linear programs, it would 
be that they are too inflexible to do 
justice to human capabilities in learn- 
ing and creative thought. The concepts 
of linear programing tend naturally to- 
ward an educational regimentation that 
does not make adequate allowance for 
the differences that exist among learners, 
among their teachers, and among the 
subjects to be taught. Nor does a linear 
program take advantage of the many 
avenues of communication that can be 
used in teaching or the many types of 
experiences that promote fuller under- 
standing of a subject matter. 

As we have pointed out previously, a 
linear program dictates the same se- 
quence of responses for all learners. Yet 
human individuals bring to the learn- 
ing situation wide differences in ability 
and present knowledge. A program that 
serves the needs of a relatively dull or 
relatively uninformed individual serves 
as a drag on one who is better equipped. 
Linear programers have made much of 
what they call the self-pacing feature of 
self-instruction, but in reality the busi- 
ness of writing out many discrete an- 
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swers makes it impossible for bright stu- 
dents to move ahead at a rate com- 
mensurate with their ability. 

Skinner’s notion that linear bit-by-bit 
programs permit all learners to achieve 
mastery of a subject matter also has 
been questioned. Kendler (1959), for 
example, reminded us that “mastery” of 
a program may reflect quite different 
levels of learning in different individu- 
als. Because of differences in ability, in 
prior learning, in their symbolic proc- 
esses, and so forth, learners will show 
differences in the kind and amount of 
transfer from a mastered program or 
course to other areas. 

Linear programs not only fail to make 
allowance for individual differences 
among students, but they also provide 
a very poor medium for expressing in- 
dividual differences of opinion among 
teachers or experts. The whole concept 
of linear programing is based on a 
right-wrong, black-white view of the ma- 
terial to be taught. The programer be- 
comes the voice of authority and shapes 
the behavior of the learner along pre- 
seribed correct pathways. This may be 
an acceptable method of teaching that 
2+ 2 = 4, but we believe that it is a 
very poor way to approach the fluid, 
controversial subject matters that make 
up such an important part of higher 
level instruction. Because of what has 
been called a linear program’s natural 
tendency to infallibility, it would be very 
difficult, if not impossible, to use one to 
make a balanced presentation of con- 
flicting opinions. Linear programs are 
particularly inappropriate for political, 
ethical, or artistic subject matter (Res- 
nick, 1963). 

Programed self-instruction often is 
called the tutorial or Socratic method 
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of teaching because it involves contin- 
uous give-and-take between the student 
and his mechanical tutor. Jordan (1963) 
recently objected to this misuse of the 
term Socratic teaching, pointing out that 
ordinary programs by no means teach 
by the method of inquiry but are com- 
pletely authoritative. 

One of the most serious deficiencies 
of linear programs is the restricted na- 
ture of the material they present. Linear 
programers make almost no use of non- 
verbal visual displays and other supple- 
mentary materials. In contrast, adjunc- 
tive programers, looking on a self-in- 
structional program as just one tech- 
nique among many, are free to use well 
illustrated textbooks, audiovisual ma- 
terials, live interaction in the classroom, 
field trips, experiments, demonstrations 
—the whole repertoire of instructional 
techniques that are available in modern 
schools. It is significant that one of 
Skinner’s earliest associates in program- 
ing research suggested recently that pro- 
grams should be considered as just one 
type of teaching tool to be used within 
the context of the teacher-student rela- 
tionship (Markle and Bossone, 1963). 

It is our belief that teaching a course 
by linear program is deliberately limit- 
ing the media of communication, the ex- 
periences of the student, and thus the 
range of understanding that he achieves. 
We believe that the most promising ap- 
proach to education is to provide the 
student with a broad context of experi- 
ence by resorting to all of the activities 
and all of the communicative media at 
our disposal. We would include both 
verbal and nonverbal material, and 
would assume that the student will learn 
by responding to the perceptual organi- 
zation of his environment. We should 
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not fear a certain number of errors if 
there is opportunity for him to explore 
the consequences of these errors and to 
correct them. We should expect him to 
learn some problem-solving skills that 
can be generalized to future problems 
and to gain some appreciation for those 
areas where there are no absolutely cer- 
tain answers but only a set of possible 
alternatives to be judged according to 
their apparent merits. 


In Defense of Reading 


The very real values inherent in self- 
instructional methods (Hilgard, 1961) 
are in danger of being obscured by the 
extreme positions taken by some ad- 
herents of Skinner’s principles. Pro- 
gramed learning is put forward as the 
instructional method par excellence. 
Said Homme and Glaser (1960), “we 
are convinced that if psychologists were 
armed with complete course programs, 
they could bring about some startling 
events in the world.” But these startling 
events presumably are precisely con- 
tingent on the use of linear, bit-by-bit, 
constructed-response programs. Holland 
(1960) referred to other techniques as, 
“The ill-advised efforts of some of our 
friends who automatize their courses with- 
out adopting the new technology. . . .” 

The “new technology” of operant con- 
ditioning is held to be superior not only 
to other programing techniques but also 
to textbook learning as well, and Glaser 
et al. (1960) have even said that, “it is 
possible that present-style textbooks will 
become outmoded as teaching aids.” 
Lumsdaine (1963) echoed this opinion, 
predicting that within a decade or so the 
textbook as we know it may decline (or 
die) in favor of the combination of se- 
quenced programs and reference hand- 
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books or source books. It is here that 
many educators and psychologists are 
beginning to take a stand in defense of 
a technique that has served man well for 
thousands of years. In Pressey’s (1963) 


words: 


. .. for skimming for main ideas, for re- 
view—for any use except that initial go- 
through—the programed book is almost 
impossible and the teaching-machine 
roll entirely so. Mostly, even for the first 
go-through, they are unsatisfactory, be- 
cause most important matter to be 
learned has structure, which the pro- 
graming destroys except the serial order, 
and most important learning is inte- 
grative and judgmental, so requires a 
looking about in what is being studied; 
for all such purposes a teaching machine 
seems about as hampering as a scanning 
device which required that one look at a 
picture only 1 square inch at a time, 
in a set order... 

. . For a learner with reading-study 
skills, conventional textual matter orders 
and structures its contents in paragraphs 
and sections and chapters, exhibits that 
structure in headings and table of con- 
tents, makes all readily available in in- 
dex with page headings and numbers. 
The learner thus has multiple aids to the 
development and structuring of his un- 
derstanding. If need be he can, with a 
flick of the finger, move about in the 
material; he can skip that already 
known, turn back as a result of a later 
felt need, review selectively. As a way to 
present matter to be learned, the average 
textbook may not be best. But thousands 
of frames on a teaching-machine roll or 
strung through a programed book would 
seem close to the worst. 


Working through a program does not 
teach the basic skills of reading as they 
are needed in modern education and 
modern life. Reading is a highly dynamic 
activity. Its speed and efficiency depend 
not only on print size and legibility, but 
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also upon the orderly arrangement of 
words, sentences, and paragraphs on con- 
secutive pages. Linear programs would 
be of little or no help in teaching readers 
how to grasp the meaning of printed ver- 
bal material at high speeds. In spite of 
the convictions and predictions of pro- 
graming enthusiasts, we believe that 
reading is still the key to success in 
school just as books are still the indis- 
pensable tools of educated man. 


Establishing Cybernetic Control 


Our own ideas about behavior organi- 
zation and learning suggest some proce- 
dures and interpretations of programing 
that differ basically from those of Skin- 
ner. In general terms, we describe learn- 
ing as the establishment of specialized 
patterns of feedback control over be- 
havior in relation to the physical and 
social environment. The control patterns 
may involve unaided responses, they 
may involve tool or machine skills, and 
they may involve symbolic manipula- 
tions or abstract knowledge. In the chap- 
ters on training, we outlined some defi- 
nite principles relative to the learning of 
overt perceptual-motor skills, and in our 
opinion these same fundamental princi- 
ples apply to symbolic learning as well. 
Behavior involves dynamic generation 
of activity, continuous feedback control 
and error correction based on spatial 
differentiation of stimuli, and the integra- 
tion of different movement components 
in the total response pattern. The effec- 
tiveness of any trainer, learning aid, or 
teaching machine depends on how well 
it fulfills the requirements of cybernetic 
design for the particular type or level of 
feedback control which is being estab- 


lished—direct, instrumental, symbolic, 
or abstract. 
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For many centuries, man has been 
educated in the audio-visual-social con- 
text of the classroom, using verbal-non- 
verbal techniques and relying heavily on 
the verbal-graphic patterns of textbooks. 
We do not believe that the design of 
these teaching techniques and devices 
has developed haphazardly. Rather, we 
believe that most of them have stood the 
test of time because they have been ef- 
fective in establishing feedback control 
of knowledge and skills. 

One of the most obvious differences 
between the conventional teaching situa- 
tion and programed self-instruction is in 
the variety of perceptual-motor activity 
generated in the learner. A Skinnerian 
program makes no provision for ma- 
nipulating the material in flexible ways 
to discover unusual relationships and 
varied meanings. When linear, small- 
step programs are used, the learner’s 
performance may take on the charac- 
teristics of a vigilance task, in which 
restrictive sensomotor conditions pre- 
vent effective feedback control. Such 
programs reduce the possibilities for 
individualized control over the learning 
situation by rigidly restricting the activ- 
ity of the learner to a series of discrete 
Tesponses. Such monotonous design can 
be justified only for practice in discrete 
unitary items, such as spelling words, 
and then not for too long a period. 

One of our primary principles is that 
behavior is basically space-organized, 
and that consequently a temporal se- 
quence is in a sense artificial and can 
be learned most efficiently if it is inte- 
grated into some spatially referenced 
pattern of response. That is, the discrete 
responses of a temporal series should be 
supported and cued by a more general 
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response pattern that has spatial ref- 
erence. 

There are many sources of spatial or- 
ganization in school learning, not the 
least of which are the design features of 
ordinary textbooks. The subject matter 
in a book is arranged in paragraphs, 
sections, and chapters, set off by head- 
ings of various qualities. These organi- 
zational features generally outline the 
logical structure of the specialized sub- 
ject matter of the book and gives the 
student a framework within which more 
detailed facts can be arranged and re- 
membered. In addition, most textbooks 
are embellished with tables, graphs, and 
illustrations that supply additional spa- 
tial patterns to enhance the learning and 
retention of detail. We believe that a 
very important feature of internalized 
systems of knowledge are such spatially 
organized frameworks which—though 
they have been transformed and reduced 
—may have had their original source in 
visual design features of the learning 
situation. 

Inasmuch as linear programs are 
thought by Skinnerians to be analogous 
to an operant conditioning sequence, no 
thought is given to their spatial ref- 
erence systems. The questions and an- 
swers compose a temporal series of dis- 
crete units, and few if any organized 
perceptual displays are given the student 
to help him understand the over-all or- 
ganization of the subject matter. Thus 
for material that has inherent logical 
structure, a linear program is a poor 
teacher. Audiovisual teaching machines 
have some advantages over restricted 
verbal programs in that they can display 
graphs and illustrations to give spatial 
reference to the verbal material. 

Another one of our principles, that 
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behavior involves a multidimensional in- 
tegration of different response com- 
ponents, implies that the focal discrete 
responses in a learned pattern are just 
a part of the pattern. For example, there 
are certain general meanings portrayed 
by prose passages that are not conveyed 
by limited phrases and sentences. The 
presentation may vary in terms of the 
emotional values or attitudes expressed, 
the concreteness of the ideas, the dy- 
namic rate and facility of expression, 
and the articulation of the material in 
terms of the amount of detail. Linear 
programing tends to focus its attention 
only on this last aspect and in so doing 
establishes no general context or style. 
There is no general body of knowledge 
that does not lose some of its meaning 
and significance if presented mechan- 
ically as a series of discrete steps. It 
would appear to be almost impossible 
for a linear program to teach the 
broader aspects and meanings of a sub- 
ject. 

Our belief that symbolic learning in- 
volves systematic feedback transforma- 
tions from more direct sensory patterns 
implies that graphic material supplies 
important supportive meanings to purely 
verbal presentations. Programing tends 
to emphasize the juggling of verbal units 
rather than integrating verbal presenta- 
tions with graphic displays, demonstra- 
tions, and direct experience. We believe 
that graphic materials not only support 
verbal meanings but convey new ideas, 
and that this is as true in the sciences 
and the humanities as in more practical 
areas such as industrial training, ad- 
vertising, and marketing. A student in- 
troduced to a new subject can establish 
a higher level of control over its con- 
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cepts if he can deal with it both verbally 
and nonverbally in an integrated way. 

Another reason for presenting subject 
matter in diverse ways is that this flexi- 
bility contributes to a greater transfer 
potential of the learned behavior. In 
discussing skill training, we emphasized 
the necessity of simulating the perform- 
ance situation but noted that any signifi- 
cant variations that might occur in that 
situation should be represented in train- 
ing. In school learning, the behavior that 
is learned should be very general—that 
is, very transferable—for it must be used 
under many diverse conditions. The best 
way to insure generality is to vary the 
learning conditions. Linear programers 
attempt to do this by including general 
rules and many examples and by vary- 
ing the wording in program frames, but 
their presentations still are very limited 
when compared with the many different 
aural and visual, verbal and nonverbal 
techniques of the classroom. 

The main limitation of the Skinnerian 
type of teaching box and programed 
book is that their discrete confirmations 
do not provide immediate, clear-cut feed- 
back effects that are tied in dynamically 
with the student’s response. Confirma- 
tions that are obained by fumbling with 
a crank or by turning a page apparently 
satisfy the theoretical requirements for 
discrete, extrinsic reinforcements, but 
they do not satisfy the requirements of 
good cybernetic design. All kinds of 
learning situations benefit from immedi- 
ate and dynamic feedback information 
and from the Opportunity for the learner 
to maintain continuous control. Better 
feedback effects result from reading a 
well designed book than from a Skin- 
nerian program, especially if the book 
incorporates graphic displays that gen- 
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erate exploratory activity, provide per- 
ceptual variations in the material, or- 
ganize novel details in spatial patterns, 
and provide many prompts that enhance 
the meaning of the words. Immediate dy- 
namic confirmation of specific response 
is provided by automated teaching ma- 
chines such as Pressey’s or even by 
Chemo Cards and punchboards but not 
by the verbal write-in models. 

Our principles of cybernetic design 
support Pressey’s general position that 
small-step programs are nota good way 
to introduce new subject matter in 
schools. We believe that teaching ma- 
chines and question-and-answer pro- 
grams do have a valid and important 
role in educational design, but no one 
teaching machine or type of program is 
appropriate for all learning situations 
(Briggs, 1959). Small-step constructed- 
response programs apparently are very 
useful in teaching unambiguous ma- 
terial such as spelling and _ arithmetic, 
especially when automated devices are 
used, but it should be noted that even 
these materials have been introduced in 
broader, more organized contexts by the 
child’s previous reading and other ex- 
periences. Extended practice in the de- 
tail of spelling and arithmetic to the 
point of overlearning helps to make the 
responses autonomous in the same sense 
that overlearned skills become autono- 
mous. For more complicated subject 
matter, we believe that multiple-response 
teaching machines provide better design 
features than write-in answer programs 
for drill and review in specific details. 
We would incorporate graphic materials 
along with verbal materials and aural 
along with visual as much as possible. 

Complete course programs are un- 
doubtedly valuable and justified for cer- 
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tain specialized purposes, such as in- 
struction in the home, in hospitals and 
institutions, in schools for retarded chil- 
dren, in centers for the unemployed, in 
industry, and in the Armed Forces. For 
example, mechanized complete course 
programs might be used to fulfill the 
urgent training needs of large numbers 
of military personnel. Self-instruction 
can be used economically in industry for 
special training purposes, and it also is 
useful in prisons, where the special needs 
of inmates can be met by choosing dif- 
ferent types of programs (Gotkin and 
Goldstein, 1963). In public schools, pro- 
grams can be used to provide academi- 
cally talented children with individual 
opportunities for advanced courses 
(Feldhusen, 1963a) or to teach special- 
ized subjects in small remote schools. 

For general educational needs, mech- 
anized and automated self-instruction 
serves as an important and valuable ad- 
junct but rarely can perform the entire 
teaching job as effectively as a more 
varied and personalized approach. This 
opinion agrees with the general evalua- 
tion of programed learning given by 
Minnesota public school principals in 
a 1963 survey (“Is Programed Learning 
Effective?”). 


SUMMARY 


1. Linear programs present material 
in an unvarying sequence of small units, 
each followed by confirmation or correc- 
tion. They usually require constructed 
responses and make no provision for in- 
dividual differences except in their self- 
pacing feature. Small steps are used to 
keep errors to a minimum. 

2. Branching programs provide alter- 
native sequences of items depending on 
the learner’s responses. Correct answers 
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to key questions may permit the learner 
to skip over a number of items, or an 
error may initiate a corrective or reme- 
dial sequence. 

3. The opinion of Skinnerians that 
constructed responses are superior to 
multiple-choice answers is not shared by 
all programers. Both response modes are 
used and sometimes both in the same 
program. 

4. Repetition of items is usually pro- 
vided by the design of linear programs. 
Both repetition and drop-out can be in- 
corporated as features of teaching ma- 
chines. 

5. Most programs insure a high level 
of accuracy by providing in the early 
stages many cues and prompts which are 
gradually withdrawn. Although perform- 
ance in self-instruction usually is self- 
paced, there are some devices that pace 
the learner to increase speed in skill 
learning. 

6. Immediate knowledge feedback to 
the learner is considered desirable in 
self-instruction but sometimes is delayed 
in branching programs. Opportunity for 
correction is not always provided in 
linear programs inasmuch as they are 
designed to minimize errors. 

7. A programer’s task involves defin- 
ing the terminal behavior required, de- 
scribing the nature of the student and 
what knowledge or skill he should pos- 
sess at the start of a program, and con- 
structing an effective series of program 
items. The effectiveness should be tested 
and improved by tryout and revision. 

8. Linear programers have provided 
many specific suggestions for construct- 
ing and ordering program items, stress- 
ing small steps, prompts, repetition, and 
the effective sequencing of general con- 
cepts and examples. 
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9. The repetitious nature, easy stages, 
and artificiality of linear programs often 
lead to boredom and disinterest in the 
learner, especially at higher levels of 
learning and in older students. 

10. Branching programing is not as 
concerned with small items and error 
rate, for the material is usually pre- 
sented in expository style and errors are 
used to control the sequence of items. 

11. Adjunctive programing involves 
integrating  self-instructional material 
into a total learning situation which in- 
cludes many other materials and tech- 
niques. Inasmuch as an adjunctive pro- 
gram does not do the entire teaching 
job, its sequencing is not considered of 
vital importance. 

12. The principles of linear program- 
ing are derived from the operant condi- 
tioning techniques developed in animal 
laboratories. The strength and stability 
of learned responses are held to depend 
on the occurrence of reinforcements fol- 
lowing the responses. 

13. The nature of the reinforcement 
in self-instruction has never been defined 
precisely, and learning often seems to 
occur without specific reinforcement. 
Further, the elimination of errors in hu- 
man learning has not been shown to be 
necessary or even desirable. 

14. Linear programs are too inflexi- 
ble to make adequate allowance for in- 
dividual differences among learners or 
differences of opinion among teachers 
and experts in controversial areas. Fur- 
ther, their restricted nature limits the 
range of understanding of the learner 
unless other and more varied material 
and experiences are provided. 

15. Reading and books are still es- 
sential for human education, and linear 


Summary 


programs do not teach a high level of 
reading skill. 

16. Feedback theory evaluates tech- 
niques of self-instruction according to 
how well they conform to principles of 
cybernetic design. In order to optimize 
feedback control of symbolic knowledge 
and skills, original presentations should 
be more varied and flexible than is per- 
mitted by most teaching machines and 
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programs. Spatially organized systems 
of reference are especially important. 
However, self-instruction is useful for 
drill and review in specific details. 

17. Although complete-course pro- 
grams are useful for some subjects and 
for some special teaching and training 
needs, adjunctive programs appear to 
be more appropriate for general school 
needs, 


CHAPTER 


(2 


Research on Programed 


Instruction 


Commenting on the fast growing experi- 
mental literature on self-instructional 
programing, Gilbert (1960b) judged that 
comparing the efficacy of constructed 
responses and multiple-choice alterna- 
tives in a teaching program was: 


... the most popular experiment current 
in education. However, since I know 
what the experimental results are, I 
shall describe them, hoping to save 
others time. 

Briefly, the experiments comparing 
multiple-choice selection with answer 
construction will demonstrate consider- 
able individual differences on whatever 
criteria are used. Some investigators 
will, with statistical equivocation, con- 
clude in favor of the construction 
method; some in favor of multiple 
choice; some will fail to conclude any- 
thing; and some will qualify their find- 
ings with reports of statistical interac- 
tions. 


This wry prediction was to prove all 
too true not only with respect to re- 
sponse-mode comparisons but for many 
other aspects of programing research. 
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A careful survey in 1961 (Silberman, 
1962) concluded that the most consis- 
tent finding was that no significant dif- 
ference was found among treatment 
comparisons and, when significant dif- 
ferences were obtained, they seldom 
agreed with other findings on the same 
problem. With this state of affairs, it is 
obvious that our summary of research 
will produce no final concise answers on 
how to construct programs or how to 
use them to best advantage in teaching 
and training. The most we can hope for 
from this body of literature is to glean 
some hints about principles of meaning- 
ful human learning. 


ATTITUDE STUDIES 


The initial reaction of learners to pro- 
gramed self-instruction at all levels of 
schooling and in adult training situa- 
tions has been generally favorable. This 
is especially true with school children, 
who usually welcome the opportunity to 
work with teaching machines. One ex- 
ception has been noted by Stolurow 
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(1961) in teaching arithmetic to re- 
tarded children by means of fill-in ma- 
chines. These students were initially ap- 
prehensive and anxious but by the end 
of the semester they were engrossed in 
the machine work and most of them 
said they preferred it. 


In High School 


Students in high school generally take 
balanced attitudes about the desirability 
of using self-instructional programs as 
an alternative to conventional teaching. 
In Roanoke, Virginia, where approxi- 
mately 900 students participated in a 
field study evaluation of programed ma- 
terials in mathematics, few of the stu- 
dents rejected programed courses out- 
right but equally few would have cared 
to have all of their course programed 
(“First Reports on Roanoke Math Ma- 
terials,’ 1961). Most of the students 
welcomed live teaching occasionally to 
supplement their programed work. 

Eigen (1963) administered an_atti- 
tude scale to seventy-two high school 
boys who had worked through a pro- 
gram in modern mathematics either by 
Skinner-type machine or programed 
book for an hour a day (in two half- 
hour sessions) for five days a week. The 
average time needed to complete the 
program was approximately five hours, 
with the machine group taking signifi- 
cantly longer than the book group. The 
attitude scale contained eight positive 
and eight negative statements about 
programed instruction, each of which 
was to be marked on a five-point scale. 
Although there was great variability in 
expressed attitudes, the mean total atti- 
tude score was positive. With forty-eight 
representing a neutral score, the machine 
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group had a mean score of 53.5 + 23.5 
and the programed text group, 58.2 + 
22.2. This difference in favor of the pro- 
gramed text was significant. 


In College 

Engelmann’s (1963) study compared 
the use and acceptance of programed 
materials in biology with other materials 
and techniques—lectures, laboratory ma- 
terials, texts, and so forth. A total of 167 
students were asked to evaluate the ef- 
fectiveness of the various methods in 
preparing them for examinations. With 
respect to the programed materials, 
twenty-eight percent of the students 
thought they were “absolutely essential” ; 
thirty-six percent thought they were 
“helpful ninety percent of the time”; 
twenty-one percent considered them ef- 
fective half of the time; while fourteen 
percent thought programed materials 
were helpful occasionally or not at all. 

This same general pattern of moder- 
ately enthusiastic acceptance was shown 
in a study by N. H. Smith (1962) on 
teaching elementary statistics to cadets 
at the Air Force Academy by means of 
a scrambled book. Almost four-fifths of 
the students using the book said they 
enjoyed the programed course but fewer 
than three-fifths preferred it over con- 
ventional teaching and thought they 
learned with less effort from the pro- 

ram. 

A whole series of studies carried out 
on student attitudes toward Holland and 
Skinner’s programed material eventually 
published as a book, The Analysis of Be- 
havior, gives a clearer idea of long-term 
acceptance of programed instruction in 
a college level area of knowledge. Atti- 
tude measurements obtained from stu- 
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1.1 progrom had not been used, | believe 
A.l would have gotten less out of course 
B.It would have made no difference 


C.1 would hove gotten more out of course 


2. Comparing programed with conventionel texts | 
feel that, with some amount of time ond effort 
A.Llearn much more from programed text 

B.Somewhot more from programed text 
C.No difference 

D. Somewhat more from conventional texts 
E. Much more from conventional texts 


3.In another introductory course | would 
A. Prefer programs for part of course 
B.Not care 
C. Prefer not to have progroms 


Figure 12.1. 
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Wisconsin Oberlin Harvard 
(191) (90) (146) 
ay 43 49 84 
B27 38 12 
30 13 3 
22 8 x 45 
39 44 33 
10 8 1 
20 30 7 
10 7 4 
53 145 77 
W 15 10 
36 40 14 


Percentages of students at three institutions who expressed favor- 


able, neutral, and unfavorable attitudes about Holland and Skinner’s book, The 


Analysis of Behavior. (Data from Banta. Attitudes toward a 


analysis of behavior” compared with 
Commun. Rev., 1963, 11, 227-240.) 


dents at Harvard University, the State 
University Teachers College at Geneseo, 
New York, and Central Washington 
State College were strongly positive to- 
ward this program (Naumann, 1962; 
Skinner and Holland, 1960; Van Atta, 
1961), whereas measures obtained from 
students at Oberlin College and the 
University of Wisconsin were somewhat 
less favorable (Banta, 1963; Van Atta, 
1961). Banta’s (1963) summary of re- 
sponses of Harvard, Oberlin, and Wis- 
consin students to the same favorable- 
unfavorable attitude items is represented 
as a bar graph in Figure 12.1. The Har- 
vard data were reliably different from 
both the Wisconsin and the Oberlin data 
but Oberlin’s and Wisconsin’s distribu- 
tions were not reliably different from 
each other. Inasmuch as Holland and 
Skinner developed their teaching pro- 
gram at Harvard, it appears that these 
data point up one difficulty encountered 
in interpreting studies of this sort. Stu- 
dents may have a tendency to reflect 


programed text: “The 
“A textbook of psychology.” Aud.-vis. 


their teachers’ enthusiasms and to react 
in the expected manner. 

Banta collected further attitude data 
on the Holland-Skinner text by asking 
the students to rate it on a series of 
semantic differential scales seven times 
during the ten-week period while the 
book was being used. During the last 
part of the course, a conventional text 
then in use was rated twice on the same 
scales. The graphs in Figure 12.2 show 
these nine ratings. All ratings of the 
programed text changed toward neutral 
during the ten weeks, with most of the 
change occurring within the first three 
weeks. When the conventional text was 
introduced, its first ratings were reliably 
different from the last ratings of the 
programed text in all cases but one. 
The new text was rated more Interesting 
and Good, as might be expected with 
new material, but also more Tense and 
more Slow. This indicates that the ex- 
pressed attitudes were not entirely a 
function of the novelty effect of chang- 
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Figure 12.2. 
conventional text as a function o: 


(From Banta. Attitudes toward a programed text: 
compared with “A textbook of psychology.” Aud.-vis. 


227-240.) 


ing. The marked differences on the Shal- 
low-Deep scale reflect a rated lack of 
depth in the programed text. Bright stu- 
dents rated Hebb relatively much more 
Good than did average and below av- 
erage students. 

Another study of attitude changes to- 


91011 


123 


Weekly Periods 


o-*% 


Ratings of the Holland and Skinner programed text and the Hebb 
{ data collection periods during a semester course. 


“The analysis of behavior” 
Commun. Rev., 1963, 11, 


ward Holland and Skinner’s programed 
text was reported by Roth (1963). Of 
twenty-four undergraduate students who 
liked the text at the beginning, only two 
liked it at the end, although seven of 
the twenty-two who disliked it thought 
that they had learned something. Most of 
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these students would not have finished 
the programed course without prodding. 
Of twenty-six graduate students who 
worked through the program, all liked 
it at the beginning but only five still 
liked it at the end. Stated objections 
were that the program was tedious, repe- 
titious, mechanized, nonthought-provok- 
ing, and anti-insightful. 


In Industry 


A number of studies of industrial 
training courses have included attitude 
data indicating favorable attitudes to- 
ward programed instruction. At IBM, a 
comparison was made between conven- 
tional classroom instruction and self- 
instruction with programed books for 
training computer service men on the 
IBM 7070 Data Processing System 
(Hughes and McNamara, 1961). Of the 
seventy men trained by means of pro- 
gramed materials for approximately 
eleven hours training time, eighty-seven 
percent liked it better than conventional 
teaching, eighty-three percent favored 
using programs in the future, and ninety- 
three percent thought that learning from 
programs was less difficult than from 
conventional instruction. Specific posi- 
tive features of the program named by 
the trainees were its instructional effec- 
tiveness, its repetition of important 
points, its gradual and logical sequence, 
the way it maintained concentration, 
and its flexibility in allowing the learner 
to proceed at his own rate. 


Attitudes and Learning 


Several studies have reported specific 
data indicating that general acceptance 
attitudes toward programed instruction 
have no predictive value in assessing the 
teaching effectiveness of the programs. 
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In Eigen’s (1963) study of programed 
learning in high school boys, he found 
that the correlation between total atti- 
tude scores and achievement test scores 
was only 0.018. In college students, Roe 
et al. (1960) found that “liking” ratings 
of various methods of programed in- 
struction did not correlate with either 
aptitudes or performance on criterion 
tests, and Hough and Revsin (1963) re- 
ported that there was no significant dif- 
ference between high and low achievers 
in their attitudes toward programed in- 
struction. 

These results are not surprising in 
view of similar findings in many areas 
of human behavior research (Brayfield 
and Crockett, 1955). For example, in 
Chapter 6 we reported that liking for or 
interest in audiovisual materials bears 
little relation to their teaching effective- 
ness. The apparent fact is that general 
attitude measurements predict neither 


learning nor performance in a particular 
situation. 


TEACHING EFFECTIVENESS 
OF PROGRAMS 


There are dozens of demonstrations 
and controlled experiments showing that 
self-instruction techniques promote learn- 
ing and other dozens of studies, more or 
less carefully controlled, comparing pro- 
gramed instruction with conventional 
teaching procedures. A sampling of 
some of these research efforts will give 
some idea of their significance. 


Learning from Self-instructional 
Programs 

One of the first controlled studies of 
machine teaching of grade school chil- 
dren was reported by Keislar (1959), 
who developed a program to teach un- 
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derstanding of area of rectangles to fifth 
and sixth graders. His fourteen experi- 
mental subjects and fourteen controls 
were matched individually on the basis 
of intelligence, sex, reading ability, and 
pretest scores. The experimental group 
spent one-and-a-half to two hours work- 
ing through the program and the con- 
trol group were given no instruction. All 
except one of the experimental subjects 
showed a higher posttest score than did 
their matched controls. 

A somewhat different type of study 
from military research shows that a self- 
instruction device can promote learning 
even when used voluntarily as a game 
without any special motivation. Hatch 
(1959) used a Navy Automatic Rater to 
present cards with selected multiple- 
choice items concerning instrument fly- 
ing. Out of a total of 320 items, one- 
fourth were not used in the machine, 
one-fourth were used on one card each, 
one-fourth on two cards each, and one- 
fourth on three cards. In this way, the 
frequency of item presentation could be 
varied and tested for its effect on learn- 
ing. The entire pool of items was used 
to make up three equivalent test forms 
which were used for a pretest, a posttest, 
and a delayed test six to twelve months 
later. The two groups of pilots used as 
subjects were located at different Air 
Force bases but were equated in terms 
of flying duties, type of aircraft flown, 
and other relevant factors. After the 
pretest, the self-tutoring device was left 
for two months in the crew lounge of 
the experimental group. The men were 
not told of the experiment. Posttests at 
the end of the two months showed sig- 
nificant improvement in the experi- 
mental group over the control group in 
machine items, related directly to the 
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frequency of item exposure, but no sig- 
nificant difference in the nonmachine 
items. 

A special use of teaching machines 
that has attracted particular attention is 
to teach foreign languages in a hurry. 
Rocklyn and Moren (1962) used a tape- 
recorder device to teach five American 
soldiers enough basic Russian to give 
commands and obtain tactical informa- 
tion in Russian and to translate the in- 
formation back into English. After about 
twenty-three days of study, they not only 
performed creditably on a test but were 
able to interrogate native Russians and 
obtain most of the information given. 


Programed versus 
Conventional Instruction 


Silberman (1962) reported that of 
fifteen field-study comparisons of pro- 
ramed and conventional instruction, 
nine favored the programs with respect 
to criterion scores and six showed no 
significant difference. All fifteen com- 
parisons showed that programed instruc- 
tion took less time. This general pattern 
of results can be found in more recent 
research as well, although the results of 
some few studies have favored conven- 
tional instruction. 

In interpreting these comparative data, 
there are several points to keep in mind. 
First, many of the comparisons are be- 
tween small groups who are instructed 
in limited subject matter for relatively 
short periods of time. Second, the nov- 
elty effect undoubtedly operates in many 
cases to favor the new techniques. Third, 
there are important uncontrolled factors 
in most of these comparative studies, 
particularly the time factor. When the 
total amount of time spent on study and 
instruction is equated for experimental 
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and control groups, we expect more re- 
liable results. We shall describe a few 
recent studies to illustrate some of these 
points. 

Working with third graders, Edgerton 
and Twombly (1962) used a simple 
teaching machine to teach spelling to a 
pilot group of twenty-four and an ex- 
perimental group of sixty children, while 
sixty-six were in a control group taught 
by conventional methods. At the end of 
the year, the machine groups had gained 
significantly more in grade-equivalent 
scores than had the control group and 
had spent less time in doing it. Although 
the novelty factor is not entirely ruled 
out, this study confirms a number of 
others that have indicated the effective- 
ness of machines in teaching spelling to 
elementary pupils. 

Stolurow (1963) reported that pro- 
grams can be used to teach retarded 
children reading—teaching both vocabu- 
lary and comprehension. Although pro- 
grams were significantly better than 
conventional class instruction, it was 
concluded that the best method was to al- 
ternate class and program. Many educa- 
tors, including Pressey, have made this 
point: that integrating different tech- 
niques is usually more effective than 
using only one. 

In the Roanoke field study (“First 
Reports on Roanoke Math Materials,” 
1961) classes were conducted in three 
ways. The conventional class was taught 
as usual except that the students 
were told that they would be part of 
the experiment. In the second, the pro- 
gramed material was used with no help 
from the teacher except to discuss ex- 
amination results. In the third, the pro- 
gramed material was used with help 
from the teacher. The experimental 
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classes had no homework but the con- 
ventional classes used homework as 
usual. Thus the time factor was not 
controlled in this study. 

The percentage of failures in geom- 
etry, algebra, and trigonometry classes 
in three Roanoke high schools are shown 
in Table 12.1. The data are not entirely 
consistent but these first results seem to 
favor the experimental classes using pro- 
grams. No definite conclusions can be 
drawn inasmuch as the study had a 
number of uncontrolled variables (for 
example, one teacher who failed thirty 
percent of the program group was de- 
scribed as hostile), and the criterion 
used here for comparative purposes is 
admittedly rough. Among those students 
who took standardized tests in geometry 
and algebra, twelve percent of those who 
had been taught conventionally fell be- 
low the eighth percentile but only five 
percent of those taught by machine. 

Another large scale scale field study 
carried out by Lumsdaine and Klaus in 
Pittsburgh high schools compared the 
effectiveness of programs and conven- 
tional lectures in a somewhat different 
way (Klaus, 1961b). Of fifteen physics 
classes which were receiving regular in- 
struction, watching daily televised lec- 
tures, using a textbook, and carrying 
out laboratory exercises, some were 
given in addition self-instructional pro- 
grams in physics for six weeks. Although 
the use of these programed materials 
was not required, the classes in which 
they were available showed a substan- 
tial increment in test scores when com- 
pared with the classes without programs. 
Ten physics classes which did not re- 
ceive the televised lectures were all given 
the programed materials and some of 
these had live classroom lectures in ad- 
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TABLE 12.1 PERCENTAGE OF FAILURES IN ROANOKE MATH 


CLASSES* 


CLASS ESB 


High School 
A B Cc 


nn 


Geometry 
Program and help 
Program, no help 
Conventional 
Algebra 
Program and help 
Program, no help 
Conventional 
Trigonometry 
Program and help 
Program, no help 
Conventional 


6 7 6 
8 0 0 
15 8 0 
21 25 4 
20 29 3 
23 9* ll 
10 0 — 
4 0 — 
18 7 _ 


* First reports on Roanoke math materials. Aud.-vis. Instruction, 1961, 6, 150-151. 
Only case in which percent of failures did not correspond to available test scores on the na- 


tional standardized examination. 


dition. There was no significant differ- 
ence in achievement related to the use 
of lectures. 

The apparent superiority of self-in- 
structional programs can not always be 
demonstrated, however, in more care- 
fully controlled experimental compari- 
sous, In a study by Dessart (1962), 
eighty superior eighth graders with a 
mean IQ of 121 were instructed for one 
week in certain features of the limit 
concept. Two types of program were 
prepared, one linear and the other 
branching, and two experimental study 
procedures were used in which the su- 
pervising teacher either did or did not 
answer questions. The experimental 
groups were compared with a control 
group taught in a conventional way by a 
teacher. In addition, the time factor was 
controlled by having some of the experi- 
mental groups restudy the materials un- 
ul they had spent the same amount of 


time as the conventional group. Al- 
though eight combinations of the three 
experimental variables (the programing, 
teacher-help, and time variables) are 
possible, the experimenter actually used, 
in addition to the controls, only six ex- 
perimental groups: three with the linear 
program and three with the branching; 
three with and three without teacher 
help; and three who studied the pro- 
gram once and three who studied as 
long as the controls. 

This fairly complicated experimental 
design produced few significant differ- 
ences among groups. The control group 
exceeded the experimental groups once, 
but when time was equated, there were 
no significant differences. Very little 
help was given by the teachers so that 
this variable had questionable effects on 
the results. The conventionally taught 
group performed significantly better 
than the combined branching groups but 
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did not exceed the combined linear 
groups. The difference between the 
branching groups and linear groups it- 
self was not significant. 

One thing should be noted about this 
type of experiment. The novelty effect of 
using new materials probably is less 
relevant when the control group as well 
as the experimental groups are partici- 
pating in special work separate from 
their regular curriculum. This is one 
possible explanation for the relatively 
poorer showing of the programed learn- 
ing groups in this study as compared 
with some of the field studies. 

An __ experimental comparison by 
Hough (1962) of teaching-machine and 
lecture-discussion instruction at the col- 
lege level involved forty-one students 
taking a course in Secondary Education. 
When an unannounced quiz was given 
after the first week, the machine- 
instructed group scored significantly 
higher than the controls, but no signifi- 
cant differences were found between the 
groups on a quiz and final test that were 
announced. This effect was interpreted 
as being due to the extra study time 
spent on lecture notes by the control 
group in preparation for announced 
tests. The machine group used no home 
study and spent a mean instructional 
time of 305 minutes on the program 
whereas the control group spent a mean 
total time in class and home study of 
578 minutes. 

The general finding that programs for 
teaching limited subject matter save 
time with no decrement in achievement 
has been reported a number of times for 
college-level and adult learners. N. H. 
Smith (1962) reported that 128 cadets 
at the Air Force Academy learned sta- 
tistics faster with a scrambled book than 
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in a conventional class. Hosmer and 
Nolan (1962) reported similar time- 
saving in three military courses. Wendt 
and Rust (1962) taught beginning stu- 
dents to use a college library by means 
of illustrated lectures or by automated 
machine presentation of the slides and 
instructions. A forward branching pro- 
cedure in the program which eliminated 
unneeded material for the more knowl- 
edgeable students permitted some of 
them to finish in one-fourth the ordinary 
instruction time. Three students taught 
stenotype keying in the IBM experi- 
mental computer-controlled teaching sys- 
tem covered material in fifty hours 
which might have taken 200 to 300 
hours of conventional instruction (Ut- 
tal, 1962). 

Several studies of industrial training 
have shown programed instruction to be 
as effective as or better than conven- 
tional instruction. At Eastman Kodak, 
supervisors taking a course in human 
motivation by means of programs re- 
tained twice as much as those who at- 
tended lecture-discussion classes (Ly- 
saught, 1962). Further, a questionnaire 
administered after the course indicated 
that the programed-learning students 
showed a greater tendency to act on and 
apply the course material than the con- 
ventionally taught students. The ques- 
tions asked and the percentage of each 
group of students answering Yes are 
shown in Table 12.2. 

At IBM, programed texts reduced in- 
struction time for a 7070 training course 
from fifteen hours to eleven hours while 
increasing mean test scores from 86.2 to 
95.1 (Hughes and McNamara, 1961). 
A programed training course developed 
at Spiegel, Incorporated trained pack- 
age-billing clerks in one-third less time 
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QUESTIONNAIRE ADMINISTERED 


TO SUPERVISORS AFTER COURSE IN HUMAN MOTIVA- 


TION* 


a 


Percent Answering YES 


Control Programed 


ee 


Have you given any thought to 
this material? 
Have you discussed it with anyone? 


Have you tried to explain it to anyone? 


Have you made any effort to apply some 


of its ideas? 


73 100 
60 78 
34 57 
41 100 


* Lysaught, J. P. Programed learning and teaching machines in industrial training. In 8; 
Margulies and L. D. Eigen (eds.), Applied programed instruction. New York: Wiley, 1962, 


pp. 23-43. 


than previously, although the reorgan- 
ization of the course probably would 
have increased the efficiency of class- 
room instruction as well (Hickey, 1962). 
An interesting study carried out at 
Schering Corporation compared con- 
ventional training of new representatives 
at a training center with training by pro- 
framed material sent through the mail 
(Hain and Holder, 1962). The control 
group was given a brochure and back- 
ground information, trained for four 
and three-fourths hours by lectures com- 
bined with audiovisual materials, then 
told to study for an examination. The 
experimental group were sent pro- 
gramed material by mail and told that 
they would be tested after they arrived 
at the training center. Mean test scores 
were 60.1 for the control group and 91.9 
for the experimental. The difference was 
highly significant. 

These industrial studies indicate that 
self-instructional programs may make it 
Possible to reduce costs and save time 
while maintaining a satisfactory level of 
standardized industrial training. In- 
deed programed instruction may prove 


invaluable for many special teaching 
and training purposes. But for the day- 
in, day-out, year-in, year-out needs of 
our schools and colleges, the role of self- 
instruction is not yet clear. Many of 
these early global-comparison results 
sound promising indeed, but as Pressey 
(1959) has noted: “Tt is a commonplace 
of educational research that first trials 
even of bad ideas usually come out well, 
because only teachers interested in them 
first try them, and pupils like the novelty 
and the special attention. Almost any 
reasonable method involving pupil activ- 
ity and adjustment to individual differ- 
ences will show gains.” The effects of 
novelty and _ special attention on per- 
formance are known in industrial re- 
search as well, ever since some studies 
on employees in an electrical assembly 
plant more than 30 years ago spelled out 
what has come to be known as the Haw- 
thorne Effect (Roethlisberger and Dick- 
son, 1939). 

Although the literature on self-instruc- 
tion is liberally sprinkled with cautious 
references to the Hawthorne Effect, it 
rarely can be either measured or con- 
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trolled but remains to dampen our en- 
thusiasm for reports such as the follow- 
ing (Goldberg, 1963). In a Michigan 
public school, thirteen children with a 
median IQ of 104 but considerably be- 
low grade level in reading and spelling 
performance were chosen as subjects for 
a study of programed spelling instruc- 
tion. After several months of preliminary 
programing tryouts, the parents of the 
children were induced to construct thir- 
teen teaching machines for a fullscale 
test. By the time these children reached 
third grade, it was reported that half of 
them scored higher on a standardized 
spelling test than “could have been pre- 
dicted from their school history,” and 
that these same children had advanced 
to the top reading group. The subjects 
were reported to have developed a pro- 
education orientation, to have assumed 
leadership roles, to be working better, 
and to be asking better questions. After 
all the special attention from the experi- 
menter, teacher, and parents, we would 
say, “small wonder!” 


PROGRAMING VARIABLES 


In the first few years of programing 
activity, many a priori judgments were 
pronounced about how best to present 
material in a self-instructional program, 
but experimental evaluations of pro- 
graming variables lend scant support to 
some of the early assumptions. Silber- 
man’s (1962) summary of eight com- 
parative studies yielded the data repre- 
sented in Figure 12.3. No clear pattern 
emerges from these comparisons. Often 
achievement criteria favored one mode 
while time criteria favored another. 
More often than not, there were no 
significant differences in achievement 
due to programing treatment. Accord- 


RESEARCH ON PROGRAMED INSTRUCTION 


CONDITION 
Small Step 


SCORE 


oc: 


929 OFE OED Zz 


a 


FER zz0 mzy reo 


Figure 12.3. | Number of experimental com- 
parisons prior to 1962 favoring different pro- 
graming variables and showing no significant 
difference according to achievement and time 
criteria. (Data from Silberman. Characteristics 
of some recent studies of instructional meth- 
ods. In J. E. Coulson (ed.), Programmed learn- 
ing and computer-based instruction. New 
York: Wiley, 1962, pp. 13-24.) 


ing to Silberman, many of these studies 
involved short instructional programs 
worked in an hour or so by small sam- 
ples of highly motivated subjects who 
then were tested by means of hastily 
improvised quizzes. Often wide individ- 
ual differences completely masked out 
treatment effects even when the criterion 
measures were sensitive enough to de- 
tect them. However, a number of more 
recent analyses of programing variables 
and their interactions may help to clar- 
ify some of the problems and warrant 
Some tentative conclusions, 


Manner of Presentation 


Widespread enthusiasm for the teach- 
ing machine technique as an intrinsically 
superior learning mode has been tem- 
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pered considerably by research facts. Al- 
though machines and programs may 
prove useful, economically feasible, and 
adequate for many purposes, they are 
not necessarily the best way to present 
subject matter. 


Device versus Programed Book 


The first aspect of self-instruction to 
prove unnecessary was the machine it- 
self. Pressey and his students early sub- 
stituted simple punchboards and Chemo 
Cards for the more complicated devices, 
and Skinner advanced from device to 
programed book. These changes may 
have been brought about partly by prac- 
tical matters related to ease of use and 
distribution, but they are vindicated by 
research comparisons of different ways 
of presenting programs. 

Goldstein and Gotkin (1962) re- 
viewed eight experimental comparisons 
between teaching machines and pro- 
gramed books. The studies involved 
linear programs including from sixty- 
five to more than 3000 frames in mathe- 
matics, English, physics, and psychology 
administered either by Skinner-type ma- 
chines or programed texts and requiring 
from twenty-seven minutes to fifty-one 
hours to complete. Subjects included ele- 
mentary school, junior high, high 
school, and college students and techni- 
cal trainees. Posttest scores, time scores, 
and attitudes were reported. Over all, 
there were no significant differences be- 
tween the two presentation modes, al- 
though four studies reported that sig- 
nificantly less time was required to use 
the programed text. In two recent com- 
parisons between machines and pro- 
gramed texts, it has been reported that 
students expressed some preferences for 
machines (Hough and Reyvsin, 1963), 
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and that students expressed more posi- 
tive attitudes toward texts (Eigen, 
1963). On the basis of the research evi- 
dence, then, the choice between teaching 
machines and programed texts would 
have to be based on such practical mat- 
ters as cost, preference of instructor, 
administrative convenience, and adapta- 
bility to subject matter. 


Small Step versus Large Step 


Most linear programers have agreed 
that each step in a program should be 
small enough to insure correct response. 
Step size usually is defined in terms of 
difficulty rather than in terms of the 
amount of informational material given 
in a frame. Thus research on step size 
usually varies the size by increasing or 
decreasing the number of frames used to 
cover a given unit of material. A small 
step is easily taken while a large step is 
more difficult because some of the in- 
termediate steps have been eliminated. 

Research on step size defined as step 
difficulty usually has favored small steps 
over large in terms of posttest criteria, 
although large-step programs take less 
time (see Figure 12.3). In a recent ex- 
periment of Smith and Moore (1962), 
however, in which step size and pictorial 
cues were varied in a spelling program, 
no difference was found in learning 
achievement related to step size and the 
large step method saved time. The au- 
thors reported that very small steps and 
over-cueing may produce disinterest. 

Since it would seem that less intelli- 

ent students might need smaller steps 
than bright students, Shay (1961) at- 
tempted to study the relationship of in- 
telligence to step size in programing. His 
statistical analysis revealed no such rela- 
tionship, and his data suggested that 
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small steps produced more learning at 
all ability levels. 
Although Shay felt that his results lent 
support to Skinner’s position that it is 
not necessary to provide more than one 
program to make allowance for different 
initial ability, we do not find in this one 
study a conclusive answer to the problem 
of step size. In the broader problems 
posed by linear programing techniques, 
size of step is but a secondary considera- 
tion. First we must determine whether it 
is necessary or even desirable to break 
up subject matter into small bits to be 
presented in successive frames. Second, 
we need to know how important it is to 
require frequent specific responses 
throughout the learning sequence. If we 
adopt other methods of presenting in- 
formation than a sequence of programed 
items, then the problem of step size be- 
comes irrelevant. 


Ordered versus Random Sequence 
Another problem of limited signifi- 
cance concerns the order of frames in an 
instructional program. The Skinnerian 
approach to programing is to prepare a 
carefully ordered sequence of items lead- 
ing from ignorance to mastery of a sub- 
ject matter, and Pressey’s early teaching- 
machine materials have been criticized 
because they presented items in no par- 
ticular order. However, when the prin- 
ciple of orderly sequencing is put to an 
experimental test, it does not always 
prove valid. Silberman’s summary listed 
three comparisons of ordered and ran- 
dom sequences. One favored the ordered 
sequence in both posttest scores and time 
but the other two showed no significant 
differences. Feldhusen (1963b) con- 
cluded that for short sequences program 


frames can be scrambled with no decre- 
ment in learning. 

Here again the relevance of the prob- 
lem depends on other programing vari- 
ables, the characteristics of the subject 
matter, and the role assigned to self- 
instruction in the total teaching situa- 
tion. If the initial presentation of a sub- 
ject is made by means of textbook or 
lecture, presumably an attempt will be 
made to present the material logically. 
Then if a self-instruction program is 
used for adjunctive purposes, the se- 
quence of items will not be of critical 
importance. The research results on or- 
dered versus random sequence indicate 
that even in a complete-course program, 
the absolute order of items may not be 


as important as some linear programers 
have assumed. 


Linear versus Branching 


The differences between linear and 
branching programs have been assigned 
more theoretical importance than re- 
search results seem to warrant. In an 
early comparison of a linear and a for- 
ward-branching program, Coulson and 
Silberman (1960) found no significant 
ifferences in criterion test scores be- 
tween the linear and branching group, 
but they did find a significant saving in 
time with branching. Thus the amount 
learned per unit time was greater for the 
branching than for the nonbranching 
procedures. A later experiment by Sil- 
berman et al. (1961) again failed to 
show a significant difference in achieve- 
ment relative to the presentation modes, 
but Coulson et al. (1962) demonstrated 
that branching Was superior when it was 
based on self-evaluation items as well as 
errors. Roe (1962) compared a number 
of procedures including linear, forward 


Programing Variables 


branching, and backward branching for 
remedial items. Both the linear and the 
forward branching procedures were sig- 
nificantly faster than backward branch- 
ing but none of them produced signifi- 
cantly higher test scores. 


Individual versus Group 


There is some research evidence to in- 
dicate that programed instructional ma- 
terials can be presented to groups rather 
than individuals with no decrement in 
learning. Keislar and McNeil (1962) 
described two studies in which group 
procedures were compared with individ- 
ual self-instruction. The first involved 
300 children in the primary grades who 
were given a three-week program in sci- 
ence. The children who were taught in- 
dividually by videosonic teaching ma- 
chine learned more than those who were 
taught in groups of twelve to fifteen by 
means of audiofilm strips. In another 
comparison, however, children in groups 
of eight to ten who saw slides projected 
from a single teaching machine, each 
using his own response panel, learned 
just as much as children taught individ- 
ually by teaching machine. Feldhusen 
and Birt (1962) compared several 
methods of presenting programed ma- 
terial to individuals and groups and 
found no significant differences among 
them. It appears that under some cirt- 
cumstances, at least, the self-pacing per- 
mitted individuals working alone offers 


no special advantage. 


Program versus Conventional Text 


Inasmuch as no method of presenting 


programed material appears to be 
clearly superior to other methods, we 


begin to wonder wherein lie the advan- 
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tages of the programs. Why not rewrite 
the items from an instructional program 
in the familiar paragraph style of our 
conventional textbooks and test their 
teaching effectiveness? Several research 
workers have done just that with results 
generally favoring the texts, or at least 
showing no differences between pro- 
grams and texts. And McNeil and 
Keislar (1962) showed that there is no 
difference in children’s learning from 
program items written in the form of 
questions and those written as state- 
ments. Reviewing all relevant studies, 
Alter and Silberman (1962) concluded 
that under a variety of experimental con- 
ditions, it has not been demonstrated 
that a programed format requiring spe- 
cific responses of the learner is superior 
to a textual format requiring reading. 
Although this conclusion seems to 
bring us back to where we started, in the 
preteaching-machine era, we must re- 
member that it necessarily is based on a 
limited number of studies involving lim- 
ited numbers of subjects under restricted 
conditions. We are not yet ready to de- 
cide that the whole teaching-machine 
self-instructional concept is illusory. 
Before making any further judgments, 
we must consider another research area 
dealing with the manner and the role of 
student response in self-instruction. 


Response Mode 

A distinguishing feature of  self- 
instructional methods specified by both 
Pressey and Skinner is the elicitation of 
specific responses from the learner, but 
the form that these responses should take 
has generated a certain amount of theo- 
retical controversy and considerable re- 
search activity. 
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Multiple-Choice 
versus Constructed Response 

As indicated in Figure 12.3, some of 
the experimental comparisons of mul- 
tiple-choice and constructed responses 
have favored constructed responses on 
the basis of achievement criteria, but 
most have shown no significant differ- 
ences. More often than not, multiple- 
choice responses have saved time. In a 
given amount of time, the most efficient 
learning might be achieved by some 
combination of multiple-choice and con- 
structed responses in order to provide 
extra practice on items that are causing 
some difficulty. Hough (1962) compared 
constructed responses, multiple-choice 
responses and a combination of the two 
and found no significant differences, but 
time was not controlled in this experi- 
ment and no opportunity was given for 
review. A study by Briggs et al. (1962), 
described in the next section, throws 
further light on the relative advantages 
of constructed and multiple-choice _re- 
sponses. 


Overt versus Covert Response 


The experimental comparisons of the 
relative advantages of overt and covert 
responses in programed instruction have 
been reviewed by Lumsdaine (1961), 
Silberman (1962), and Feldhusen 
(1963b). Lumsdaine’s general conclu- 
sion, which was based on studies of in- 
structional films (see Chap. 6) as well as 
of self-instructional techniques, was that 
covert responses are as effective as overt 
in most situations tested and on some 
occasions may be more advantageous. 
Silberman’s listing in Figure 12.3 shows 
two comparisons favoring overt re- 
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sponse, four favoring covert, and nine 
showing no difference in terms of post- 
test criteria. In terms of time, nine com- 
parisons favored covert responses and 
six showed no difference. Feldhusen’s 
1963 conclusions were that students can 
learn just as well when responding 
covertly as when responding overtly to 
program items, and that they usually can 
learn just as well from reading the items 
with the blanks filled in to make state- 
ments. The conclusion we reached with 
respect to audiovisual materials can be 
repeated with respect to self-instruction. 
It is desirable to insure student partici- 
pation in the instructional situation, but 
Covert participation often is just as effec- 
tive as overt. 

The important problem with respect 
to student response mode is to determine 
when it is advantageous to require overt 
responses and when it is not. What are 
the variables that interact with response 
mode to affect learning achievement? 

A study by Krumboltz and Weisman 
(1962b) produced suggestive evidence 
that overt response might be better than 
covert for long-term retention even 
though no differences were apparent in 
immediate test scores. Their college-level 
subjects responded overtly, responded 
covertly, or simply read the program 
with the blanks filled in. The immediate 
posttest showed no significant differ- 
ences among groups, but after two weeks 
the overt-response group scored higher 
than either the covert or the reading 
group. However, several other studies 
comparing immediate with delayed re- 
tention have found contradictory results. 
In one study a reading group was found 
superior to an overt response group im- 
mediately and when tested in ten weeks 
(Briggs et al., 1962), while in two other 
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studies, no significant differences were 
found between overt and covert re- 
sponses after one week (Evans ef al., 
1962) and after one year (Wittrock, 
1963). 

Another phase of research having to 
do with the interaction between response 
mode and response difficulty has led 
Evans et al. (1962) to hypothesize that 
the relevance of such variables as re- 
sponse mode is inversely related to the 
probability of correct responding in the 
course of learning. Thus anything that 
increases the probability of correct re- 
sponse, according to these authors, 
might reduce the importance of the form 
of the response. If this were true, one 
would expect to find no significant dif- 
ferences among response modes for pro- 
grams easy for all learners but differ- 
ences between overt and covert responses 
as programs became more difficult. Re- 
search results indicate that the relation- 
ship is not that simple. Wittrock (1963), 
for example, found that school children 
with mental ages above the median 
learned more from a science program 
with covert than with overt responses, 
while those children with mental ages 
below the median, who presumably 
found the program more difficult, 
learned more by responding overtly. 
The interaction was no longer apparent 
in retention test scores one year later. 

A series of studies carried out at the 
American Institute for Research by 
Briggs, Goldbeck, and their associates 
have produced results showing that the 
relative advantages of overt, covert, and 
reading responses vary with a number of 
factors, including _ level of difficulty 
(Briges et al., 1962; Goldbeck and 
Campbell, 1962). In one study, low- 
difficulty items were learned best by the 
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reading group and covert responders 
whereas items of intermediate difficulty 
were learned best by the overt respond- 
ers. For a high-difficulty program there 
was little difference among groups. How- 
ever when test scores were divided by 
learning time to obtain learning effi- 
ciency scores, it was found that reading 
was most efficient and overt responses 
least efficient at all levels of difficulty. 
In another study in which only one pro- 
gram was used, the reading group again 
was fastest and did significantly better 
in a retention test after ten weeks. In 
this delayed test, the overt-response 
group was slightly superior only in those 
test items which contained stimulus and 
response terms that were identical or 
highly similar to those used in the learn- 
ing program. This indicates that requir- 
ing the subjects to construct specific 
responses may actually have interfered 
with their learning of other relevant ma- 
terial. The authors of this report specu- 
lated that constructing a response and 
then seeing the confirmation may have 
created a closure effect which was ab- 
sent for members of the reading group. 

In an effort to equate the time factor 
for groups using different response 
modes, Briggs et al. (1962) compared 
four groups, all of whom studied for two 
hours. One group. had eight pages of 
mimeographed text and the second had 
an overview of the topics followed by the 
text, with each page of text followed by 
a summary outline page. The third and 
fourth groups had Skinner-type pro- 
grams; one group responded with the 
first letter of each word while the last 
group wrote complete responses. As each 
subject finished his assigned material he 
was given multiple-choice review ques- 
tions on chemical paper to confirm the 


316 


correct responses, but one-third of the 
original material, varying by subject, 
was not covered by review. It was found 
that learning without review did not 
vary for the different groups, but learn- 
ing with review favored the text-plus- 
review group. Again the overt-response 
groups were superior only in answering 
those test questions which were the same 
as program items. Many of the errors 
made by these groups resulted from ap- 
plying responses learned in the con- 
structed-response programs to the wrong 
test questions. 

Among the most significant results of 
this study were findings testifying to the 
value of the multiple-choice review ques- 
tions. It was found that these questions 
produced highly significant increases in 
scores on test items having answers that 
were the same as the correct answers in 
the response portion of the multiple- 
choice question. Furthermore, the 
amount of increased learning due to 
review ranked perfectly among groups 
with the amount of time available to 
each group for review. Review also en- 
hanced learning of information which 
appeared in the stimulus portion of the 
multiple-choice questions as well as in 
the response choices. In contrast, results 
indicated that information to be taught 
by constructed-response program frames 
must be assigned to the response portion 
of the frame. 

This last study is particularly inter- 
esting in that it provides a direct experi- 
mental test of the relative validity of 
Pressey’s and Skinner’s views on self- 
instruction. The study by Briggs et al. 
(1962) not only confirms what other 
experiments have shown, that is, that a 
bit-by-bit linear program is a slow and 
inefficient way to present a subject, but 
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it also shows that in a given amount of 
time more can be learned by textbook 
reading and selective review than with 
a linear program. Further, the results 
indicate that learning from the con- 
structed-response program was more spe- 
cific to the actual responses made than 
learning promoted by the multiple-choice 
questions. More general information was 
learned from the review questions than 
from the constructed-response _ items. 
This study appears to vindicate Pressey’s 
position concerning the form a self- 
instructional program should take as 
well as its adjunctive role in teaching. 
Error Rate 

The easy bit-by-bit progression char- 
acteristic of most linear programs has 
been dictated by an assumption not eas- 
ily put to a direct experimental test— 
Skinner’s assumption that errors are 
aversive and do not belong in an effec- 
tive learning program. A number of 
early studies of programed learning, in- 
cluding those reported by Meyer (1960) 
and Keislar (1959), offered as presump- 
tive evidence for the low-error hypothe- 
sis the fact that the error score during 
learning was inversely related to learn- 
ing achievement, that is, the more errors 
a sudent made while working a pro- 
gram, the poorer his achievement score 
was at the end. A more obvious explana- 
tion of this finding is that students of 
lower ability or poorer preparation 
make more errors and learn less than 
brighter or more knowledgeable stu- 
dents. 

The low-error hypothesis came to 
have practical overtones after Skinner- 
type fill-in teaching machines had been 
put into commercial production. These 
simple boxes made no provision for 
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immediate correction of errors or re- 
view of missed items. However, when 
Holland and Porter (1961) tested the 
effect of repeating incorrectly answered 
items, they were admittedly surprised to 
find that such review raised the level of 
learning significantly. This was true at 
all levels of item difficulty, as determined 
from error rates in previous use of the 
program, and in both the immediate 
posttest and in a delayed retention test 
given unannounced six months later. 
These results are summarized in Figure 
12.4, which shows the percentage of error 
on the criterion tests as a function of 
item difficulty. The review group main- 
tained its superiority throughout, and 
after six months did almost as well as 
the nonreview group did on the immedi- 
ate test. 

Inasmuch as the loss in retention from 
first to second testing was relatively less 
for low-difficulty items, Holland and 
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Porter concluded somewhat arbitrarily 
that programs should be designed so 
that every item is of low difficulty to 
insure better retention. They failed to 
observe that the same effect can be 
achieved more efficiently (and probably 
more surely) by the simple expedient of 
reviewing error responses. The impor- 
tance of immediate correction of errors 
and review has been confirmed by many 
investigators including Stephens (1960), 
who found that students learned more 
from a self-instructional program if they 
were required to correct errors before 
proceeding to the next item. 

The inverse relationship between er- 
rors and learning achievement that was 
reported in some of these early studies 
has not always been found. Gagné and 
Dick (1962), for example, reported very 
low correlations between learning errors 
and test performance in seventh graders 
who were given a teaching machine pro- 
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gram in solving equations. Goldbeck 
and Campbell (1962) found that an easy 
program taught overt responders less 
effectively than either an intermediate 
or a difficult program. The bar graph in 
Figure 12.5 compares the relative ac- 
curacy of learning responses for their 
three programs with the relative achieve- 
ment scores in the posttest. The authors 
hypothesized that the learners per- 
formed in quite a perfunctory manner 
with the highly cued easy program. 
They made few errors in learning but, 
on the other hand, they did not really 
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learn very much. In contrast, the in- 
termediate difficulty program stimulated 
more active participation and resulted in 
much better achievement scores. 
Goldbeck and Campbell analyzed their 
results further to determine the relative 
accuracy of test responses that had been 
preceded by correct and incorrect learn- 
ing responses. Each program item had a 
corresponding test item, and these pairs 
for all subjects were classified according 
to whether the program item had been 
answered correctly or incorrectly during 
learning. The bar graph in Figure 12.6 


Percentage Correct Test Responses 
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shows the percentage of each of these 
categories that was answered correctly 
in the test. At each level of difficulty, the 
learning errors were followed by rela- 
tively fewer correct test responses than 
those items that had originally been an- 
swered correctly. This is not surprising, 
for the correctly answered items prob- 
ably included some that were known to 
the subjects beforehand as well as some 
relatively easy items. The interesting 
thing about these data is that error re- 
sponses in the intermediate difficulty 
program were followed by higher learn- 
ing achievement (sixty-three percent 
correct in the posttest) than the correct 
responses in the easy program (fifty- 
four percent correct in the posttest) . In 
other words, it is not always the easy 
program with its low error rate that pro- 
duces the most learning but the program 
that for one reason or another stimu- 
lates the most active participation on 
the part of the learner. 

In another experiment, Goldbeck and 
Campbell compared the overt-, covert-, 
and reading-response procedures with 
an option procedure in which the learner 
could write his response if he were sure 
it was correct or leave the blank empty, 
if unsure, and proceed to the check an- 
swer. It was thought that this option 
response mode would reduce the number 
of errors made and thus mitigate any ad- 
verse effect of error responses. Results 
showed no significant differences among 
groups in posttest scores. 

A somewhat different approach to the 
problem of errors was devised by Mela- 
ragno (1960). In a program of fifty 
frames, he inserted five deliberately am- 
biguous frames and called all answers 
to them wrong, assuming that these 
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frames would provide “negative rein- 
forcement.” If these five error frames 
were inserted consecutively in the mid- 
dle of the program, the students scored 
less on the posttest, particularly on the 
material which appeared just before and 
just after these frames. When the five 
frames were distributed evenly through- 
out the program, learning was not dis- 
rupted significantly although these sub- 
jects learned somewhat less than the 
group who received only “positive rein- 
forcement.” From these results it has 
been concluded that errors occurring 
consecutively have a deleterious effect 
and should be avoided by reducing the 
over-all probability of errors. 

To our mind, these results suggest an- 
other interpretation—that of the impor- 
tance of promoting understanding of the 
subject matter. Ambiguous frames not 
only produce errors, they also produce 
confusion and lack of assurance about 
the material being learned. They reduce 
knowledge of accuracy. Errors as such 
may not be detrimental to learning if 
they are corrected immediately and if 
the student understands why one answer 
was wrong and another answer right. 
It has been observed by a number of 
investigators that informing a student 
that an answer is wrong is not effective 
unless the reason becomes self-evident. 
With complex material it is important to 
provide an explanation. Bryan and 
Rigney (1956) tested the relative ad- 
vantages of explanations and no expla- 
nations with groups of NROTC students. 
The group who were given explanations 
of their choices learned significantly 
more than groups who received no ex- 
plantations. Bryan and Schuster’s (1959) 
study found that explanations were 
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particularly valuable in training students 
to follow optimal sequences of steps in 
electronic troubleshooting. 

Coulson et al. (1962) found that re- 
medial branching techniques may not 
prove superior to linear programs unless 
some allowance is made for student un- 
derstanding of the material. Branching 
based entirely on errors proved no more 
effective than a linear program, but 
when branching was based on errors 
plus the student’s evaluation of his own 
understanding, posttest scores were sig- 
nificantly higher for the branching 
group than for a fixed-sequence group. 

Over all, the experimental studies of 
programed  self-instruction leave one 
wondering what all the excitement has 
been about. These automated _ self- 
instructional techniques that were her- 
alded as revolutionary developments in 
education—are they really as irrelevant 
as many of the research findings indi- 
cate? It appears that the form of pres- 
entation is of little importance and that 
the response mode need not be specified 
precisely. About the only conclusions 
we can draw from the facts presented so 
far are that the learner should partici- 
pate actively (even if implicitly) in the 
learning situation and that he should be 
helped to understand the subject matter 
beyond simple confirmations or correc- 
tions. These ideas are not new in the 
field of self-instruction but have long 
been known in education. What, then, is 
new? It is neither the exact form of 
stimulus presentation or the exact form 
of the response but the specific participa- 
tion and the knowledge feedback process 
explicitly provided for in all the various 
forms of teaching-machine learning and 
programed self-instruction. 
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Reinforcement or Feedback? 


The Skinnerian view of self-instruc- 
tion appears to interpret the confirma- 
tion process as the positive reinforcer 
postulated by the operant conditioning 
model. Many psychologists and educa- 
tors have objected to the use of this 
model in describing programed learn- 
ing. Snygg (1962) observed that rein- 
forcement theory is relatively useless as 
a guide to teaching for two reasons. 
First, the basic question of how to get 
the student to perform the desired act 
for the first time is neither asked nor 
answered. Second, this theory offers no 
guides for predicting what will be rein- 
forcing to learners. 

Wohlwill (1962) objected that pro- 
gramed learning is not analogous to the 
gradual shaping of an animal’s re- 
sponses according to operant techniques, 
in which an animal’s behavior is re- 
warded when it makes a response that 
approximates the one desired in outward 
appearance, spatial location, or direc- 
tional characteristics. The kind of sym- 
bolic knowledge taught in program 
frames is not related in such obvious 
ways but rather by semantic and syn- 
tactic characteristics, Fitzgerald (1962) 
said, “A word rarely has the semantic 
specificity of reference and effect to per- 
sons that a grain of corn or a flashing 
light has to laboratory animals.” 

Lumsdaine (1962b) has shown sus- 
tained interest in programed self-instruc- 
tion for many years, but he feels that it 
does not conform to the reinforcement 


learning model. He voiced his objections 
in these words: 


I question very seriously whether 
theories placing primacy on the manip- 
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ulation of reinforcement provide an 
adequate or even a very useful theo- 
retical model for the development of 
programs. . . . Manipulation of rein- 
forcement contingencies does not seem 
to be what even the most ardently 
Skinnerian programmers actually do 
when they start writing the frames of a 
program . . . what preoccupies the pro- 
grammer’s attention . . . is the manipu- 
lation of prompting cues, not the ma- 
nipulation of reward schedules. 


Several lines of research evidence 
throw doubt on the reinforcement inter- 
pretation. In the first place, a number of 
studies have shown that explicit confir- 
mations are not always necessary in pro- 
gramed learning. As an example, we 
shall describe a study that attempted to 
carry the operant conditioning analogy 
to the point of setting up schedules of 
partial reinforcement in programed 
learning. In typical operant condition- 
ing of animals, the stimulus and the 
response and the reinforcement remain 
the same whereas in programed learning 
these features change constantly. Never- 
theless, Krumboltz and Weisman 
(1962a) attempted to determine the dif- 
ferential effects of various reinforcement 
schedules on performance and learning 
in programed _ self-instruction. Using 
both fixed-ratio and variable-ratio sched- 
ules of sixty-seven percent and thirty- 
three percent confirmation, as well as 
continuous confirmation and no con- 
firmation, they found that the con- 
sistency of confirmation affected errors 
made during learning but had no effect 
at all on posttest achievement scores. 

A second line of evidence throwing 
doubt on the reinforcement interpreta- 
tion consists of reports that linear pro- 
grams, if prolonged, induce boredom 
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(Feldhusen e¢ al., 1962; Reed and Hay- 
man, 1962; Rigney and Fry, 1961). Yet 
Skinner proposed linear programs as a 
sure source of positive reinforcement in 
contrast to the negative reinforcement of 
the conventional classroom. It appears to 
us that if programs become boring, they 
are not offering positive reinforcement. 
On the other hand, students can learn 
even when they are bored, and we do 
not believe that the process is contingent 
on reinforcement, either positive or neg- 
ative. 

Skinner’s theoretical concepts were 
defined by experimental procedures in 
which the experimenter waits for an ani- 
mal to emit the desired response and 
then rewards it. The situation is very 
different in human teaching and train- 
ing, where we can instruct the learner in 
the responses we wish him to make. 
Even in skill learning where the response 
pattern to be learned cannot be called 
out at will, we use verbal instructions 
and nonverbal demonstrations to help 
the learner organize his responses, and 
verbal knowledge commonly is taught 
with as complete and as well organized 
a set of cues as we can devise. 

A number of studies have compared 
the relative advantages of prompting 
and confirmation in promoting learning. 
Using paired associates, Cook and 
Spitzer (1960) and Cook (1961) found 
that prompting in three out of four trials 
was more effective than no prompting, 
and that the effectiveness did not depend 
on the learner’s making an overt re- 
sponse. Angell and Lumsdaine (1961) 
studied the effects of mixing prompting 
and confirmation trials. Their results 
were not entirely clear but indicated that 
a training sequence will be more effec- 
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tive if it includes some unprompted trials 
along with the prompted ones. These re- 
sults support the standard programing 
practice of using and then withdrawing 
prompts. 

Summarizing some of the research 
studies on the Subject-Matter Trainer, 
Briggs (1961) has concluded that the 
best training sequence probably is one 
in which prompting trials are used first 
followed by confirmation trials. The ex- 
act procedure followed probably should 
be tailored to fit the subject matter and 
the learner’s ability, stage of mastery, 
and so on. 

In our opinion, the distinction be- 
tween prompting and confirmation jis 
somewhat arbitrary when made in rela- 
tion to symbolic learning. A stimulus 
cue or prompt presented to a learner 
may be in itself a discrete event, but it 
sets up in the learner a whole series of 
responses which through the processes of 
sensory feedback serve as further 
prompts (or stimuli) to further action. 
Much of this activity is implicit and thus 
hidden from the observer, but it is no 
less real to the learner. The confirma- 
tion in a learning sequence is not that 
alone but serves also to prompt further 
responses, while a so-called prompt func- 
tions as well to confirm the learner’s 
perceptions and understanding of the 
material. As learning progresses, the 
learner needs fewer external cues with 
which to monitor his symbolic behavior 
patterns, but the optimal sequence for 
providing and withdrawing external 
prompts and confirmations undoubtedly 
varies with different types of learning 
and different individuals. 

Just as the novice tracking operator 
must learn to follow target movements 
with a high degree of precision, the task 


of the student in school is to establish 
patterns of knowledge and skill that con- 
form to the patterns presented to him. 
This process is facilitated by continuous 
and accurate feedback which compares 
the responses of the learner to the pat- 
terns to be learned. Feedback is not con- 
fined to an occasional confirmation or 
correction after an overt response but is 
a part of all of the perceptual-motor 
participative patterns that occur during 
learning. Herein lies the value of read- 
ing well organized textual material in 
contrast to a series of deliberately sim- 
plified program frames. A textbook or 
lecture or other diversified presentation 
helps to establish a frame of reference 
against which all new facts are checked 
and which itself can be checked against 
the learner’s prior knowledge. What the 
programers eliminate from frames as 
extraneous material often should be left 
in to provide as rich a feedback context 
as possible. 

The use of self-instructional materials 
within an integrated teaching program 
is valuable not because it provides the 
only feedback to the learner about his 
responses, but because it provides pre- 
cise feedback on important specific 
points and possibly a diagnostic check 
on his progress. As we have seen, it mat- 
ters little whether he chooses or con- 
structs an answer or whether he makes 
errors as long as he corrects his errors 
and understands why he was right or 
wrong. He does not need a reward for 
performing correctly; he needs differ- 
ential feedback to show him how closely 
he is approaching the prescribed pattern. 
Furthermore, he needs immediate feed- 
back for optimal effectiveness—an idea 
that was confirmed many years ago by 
Pressey (1950). An extensive study in- 
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volving more than 400 students, which 
was designed to assess the use of punch- 
board practice tests, found that the 
groups receiving immediate feedback 
from the punchboard scored higher on 
all types of examination questions than 
either the groups using practice tests 
without immediate confirming feedback 
or control groups who used no practice 
tests. 


GENERAL PROBLEMS 


Our present assessment of the signifi- 
cance of teaching-machine instruction 
and programed learning corresponds 
neither with the optimism of some of 
the first Skinnerian programers who saw 
in their operant techniques the educa- 
tional wave of the future nor with the 
pessimism of Feldhusen (1963b), ina 
summary which was entitled, “Taps for 
Teaching Machines.” Our own judg- 
ment of the practical values of pro- 
gramed instruction lies somewhere be- 
tween these two extremes. However, 
with respect to the need or desirability 
of complete-course programs in our 
schools, we are inclined to agree with 


Pressey (1960), who wrote: 


At this comparatively early and con- 
ceivably sometimes overenthusiastic 
stage of attempts at automation, might 
this “null hypothesis” be desirable: that 
students and teachers can (on the task 
in question) do at least as well without 
the special device or programming as 
with it! Only if results have warranted 
the rejection of this hypothesis, can de- 
velopment of special devices or pro- 
grammings, or comparisons of short 
versus longer steps or objective versus 
write-in answers, continue without risk 
of being found fatuous. 


Any final assessment of programed 
learning must be based on more than 


global comparisons and the research re- 
sults on programing variables. Two gen- 
eral questions that must be considered 
are how well self-instruction meets the 
needs of different individuals and how 
well programed learning transfers to 
problems outside the classroom. 


Adapting to Individual Differences 


We can make no final statements 
about the relative advantages of self- 
instruction for students of different ages 
and different levels of ability. There are 
some indications that the techniques are 
more successful with school children 
than with college students, but this may 
be because the subject matter taught 
young children is more often standard- 
ized and unambiguous. 

Programs have been used to teach in- 
dividuals of all ability levels, from re- 
tarded children to superior students, but 
only incidental information is available 
concerning the relative advantages at 
different levels. Little (1934) reported 
that the feedback methods appeared to 
be of more benefit to poorer students but 
Briggs (1947) reported later that the 
techniques were especially suitable to 
superior students. Reed and Hayman 
(1962) reported that at the tenth grade 
level high achievers did better with a 
programed text while low achievers 
learned more with conventional teach- 
ing. but Stolurow (1963) found that re- 
tarded children learned more from a 
program than from conventional teach- 
ing. Freeman (1959) reported that poor 
students benefited more from machine 
training than did the better students, 
while Keislar and McNeil (1961) found 
evidence that machine teaching was 
more effective for children of superior 
reading and study habits. Obviously the 
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relative advantages of teaching programs 
for different ability levels depend on 
other factors, such as type of subject 
matter and type and difficulty of pro- 
grams. 

Another problem, which has implica- 
tions for Skinnerian theory of pro- 
gramed instruction, is whether students 
of all ability levels can attain compara- 
ble levels of mastery by working at 
their own rate through a self-instruc- 
tional program. One of the most careful 
analyses of this problem was made by 
Stolurow (1961) with retarded children. 
Two versions of a program to teach 
fractions were prepared, varying in de- 
gree of change between frames. Groups 
using the two versions were given an 
immediate posttest and, two weeks later, 
a delayed test of retention and transfer. 
No significant differences were found in 
posttest and transfer scores, but the re- 
tention scores favored the group using 
the less change version. Correlation co- 
efficients then were computed between 
individual scores and different types of 
ability and intelligence scores. The post- 
test scores from the group using the less 
change version correlated significantly 
with certain special ability scores, such 
as Reading Comprehension and Arithme- 
tic Fundamentals, but not with general 
IQ scores or total language scores. That 
is, the less change programs produced 
learning scores that did not correlate 
with general intelligence. In contrast, 
scores from the group using the more 
change version correlated significantly 
with full scale 1Q and total language 
scores. Stolurow concluded from these 
and other relevant findings that within 
limits it is possible to compensate for 
intellectual differences by designing op- 
timal teaching programs. 
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The phrase to note here is within lim- 
its. If we are striving to teach limited 
criterion behavior, within the capabili- 
ties of all the learners in a group, then 
a carefully sequenced linear program 
self-paced by each individual learner 
may do the job. On the other hand, if 
we are interested in stimulating each 
learner to realize his fullest potential, 
such a program for the better students 
would be only a first step and possibly a 
boring first step. Even so, we would ex- 
pect the bright students to learn more 
than the dull whether or not differences 
appeared in achievement scores. Along 
with the assertions that appear in the 
literature to the effect that good pro- 
grams “permit the quick and the slow to 
attain fairly comparable levels of mas- 
tery” (Blyth, 1963) are other observa- 
tions that the real learning achievement 
of bright and dull students is not always 
measured adequately by the posttests 
used in programing research. Although 
self-instruction may mask certain differ- 
ences among learners, it does not actu- 
ally eliminate the differences. 


Transfer from Programed Learning 


Very little experimental evidence ap- 
plies directly to the problem of transfer 
from programed learning. Gagné and 
Dick (1962) used a teaching machine 
program to teach seventh graders how to 
solve equations. Although reasonably 
good scores were obtained in verbal and 
performance posttests based on the pro- 
gramed materials, scores on a transfer 
test involving new equations of the same 
general type were very low indeed. Such 
evidence confirms what is known gen- 
erally, that learning often is very specific 
to the materials used. 

There is some evidence to indicate 
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that a Skinner-type teaching program— 
that is, a fixed-sequence, constructed- 
response, arbitrarily simplified, bit-by- 
bit, easy sequence of frames—is a poor 
self-instructional technique when judged 
according to its possible transfer value. 
As we related in an earlier section, 
Briggs et al. (1962) found that multi- 
ple-choice questions used for review 
purposes taught more general knowledge 
than constructed-response frames in a 
linear program. Cartwright used syste- 
matic and unsystematic sequences of 
frames to teach fractions to mentally re- 
tarded adolescents (Stolurow, 1963). 
The groups using the systematic se- 
quence remembered more of the specific 
facts taught, but the group using the un- 
systematic sequence transferred more of 
their knowledge to other problems. 
Krumboltz and Bonawitz (1962) tested 
the effect of presenting confirming re- 
sponses in a program as complete 
thoughts, usually by repeating the rele- 
vant parts of frames with the desired 
responses inserted, instead of as isolated 
words or phrases. Their groups showed 
no difference in knowledge of terminol- 
ogy, but the context group excelled in 
ability to apply principles. Finally, Nunn 
(1961) compared the use of a linearly 
programed text in English grammar with 
a self-directing workbook of a more con- 
ventional type. The group using the lin- 
ear program scored higher than the 
workbook group on the commercial tests 
furnished with the texts, but scored 
lower on a somewhat more complex test 
prepared by the teacher. The conclusion 
was that the linear program was SO 
gradual and easy that it required a 
minimum of thinking on the part of the 
students. 

Evidence such as this suggests that 
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carefully limited linear programs teach 
equally limited knowledge. If we wish to 
teach a rigidly prescribed system of spe- 
cific responses, then a linear program 
may do the job, but education in the 
broader sense needs a variety of mate- 
rials, a variable approach, and flexible 
responses on the part of the learner. A 
variable, flexible interaction between the 
learner and the learning environment 
will provide many types and patterns of 
feedback related to many different as- 
pects of that environment. In this way 
we can vary the learner’s point of view 
and help him transfer his learned re- 
sponses from the specific to the general. 


Training Teachers to Program 

In the long run, decisions about when, 
where, and how to use self-instructional 
programs are made best by teachers and 
administrators. Briggs (1962) has said: 


One goal is to avoid a strained effort to 
make something work where it doesn’t 
fit. Flexibility is to be sought, both as 
to choice of teaching machine and 
method of programing, and as to the 
decision when or whether to use auto- 
mation at all. 


Assigning the responsibility of making 
such decisions to the teacher reflects 
Senders’ (1962) belief, “that the only 
true teaching machine is an adaptive 
(learning) device; such a device is a 
teacher, rather than merely a communi- 
cative channel for a teacher.” 

The best way to train teachers in inte- 
grating self-instructional techniques into 
their total teaching effort is to train them 
in these techniques. They should be 
taught not only the theoretical signifi- 
cance of programing research but also 
how to program materials for classroom 
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use. Komoski (1961) listed several rea- 
sons why it is desirable to have teachers 
prepare teaching programs instead of re- 
lying entirely on commercial program- 
ers. One reason is that there are adyan- 
tages to having a diversity of activity in 
a new field. Another is that there is im- 
portant interaction between the program 
and the curriculum so that the program 
must be designed to fit the neeeds of the 
curriculum. The most important reason 
is that in learning how to program, 
teachers and teachers-in-training learn a 
great deal about how to teach and about 
the nature of meaningful learning. Pro- 
gramed instruction not only supplies the 
student with informational feedback but 
also provides the teacher with a continu- 
ous check on the quality of the teaching 
effort. 

Possibilities for training teachers and 
exploring teaching methods with the new 
devices and programs are nearly unlim- 
ited. These techniques permit empirical 
control and reproduction of the varia- 
bles involved in formal instruction to a 
degree never before possible. Teaching 
devices, particularly the audiovisual ma- 
chines, simulate the teaching situation in 
much the same way that a complicated 
skill trainer simulates the perceptual- 
motor machine relationships of the skill. 
With such objective simulation tech- 
niques we can train student teachers to 
prepare and control instructional mate- 
rial and can evaluate their ability to 
do so. 

Perhaps the greatest significance of 
teaching machine and programing tech- 
nology is that it provides a new objec- 
tive approach to the study of meaningful 
learning while at the same time provid- 
ing new insights into how such learning 
occurs. Although the first few years of 


programing research have had generally 
negative and inconclusive results, these 
studies nevertheless have made some im- 
portant contributions. First, programing 
research has focused attention on the in- 
adequacies of reinforcement learning 
theory as a model of meaningful human 
learning and thereby has opened the field 
to new theoretical and experimental ap- 
proaches. Second, it has been made clear 
that research carried out with hastily 
written programs and poorly designed 
devices produces few significant results. 
More variability of research design and 
flexibility of machine factors are needed 
to achieve any real understanding of op- 
timal instructional techniques. 

There are many indications that far 
more significant phases of programing 
research are under way. Research em- 
phasis is shifting toward explorations of 
the significant interactions jn entire 
teaching systems, made up of teachers, 
devices, subject matter, and students. 
Systems study will not confine its efforts 
to evaluating specific machines or tech- 
niques but will broaden its interests to 
include all types of classroom techniques 
and materials—including textbooks. 
Textbook design has been too long ne- 
glected by educational researchers. In 
the next chapter, we are going to explore 
some of the factors of book design in 
relation to what we have learned about 
instructional programing. 


SUMMARY 


1. Research on programed learning 
has turned up few conclusive results but 
has implications for theory of meaning- 
ful learning. 

2. Students of all ages in schools, col- 
leges, and industry generally react favor- 
ably toward teaching machines and pro- 
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grams. Over a period of time, however, 
the novelty effect wears off and routine 
programs become boring. 

3. General attitude surveys have no 
predictive value in relation to learning 
achievement. 

4. It has been demonstrated repeat- 
edly that self-instruction techniques ef- 
fectively promote learning. 

5. Comparisons between programed 
and conventional instruction often favor 
the programs, especially in terms of time 
scores. These results are not entirely con- 
clusive because of uncontrolled variables 
such as the novelty effect, time spent on 
the different methods, and the personali- 
ties involved. There are reasons to be- 
lieve that integrating different tech- 
niques is preferable to using only one. 

6. Programs have been used effec- 
tively for special industrial training 
needs and offer a promising method of 
reducing time and costs for standardized 
training. 

7. Simple teaching machines and pro- 
ramed books appear to be equally effec- 
tive methods of presenting programs. 

8. Most but not all of the research on 
Step size favors small steps oveT large. 
Such research is more relevant if dis- 
Crete-step programs are to be used for 
initial presentation of subject matter. 

9. For short program sequences, the 
order of frames can be randomized with- 
out affecting learning seriously. 

10. Experimental comparisons of lin- 
ear and branching programs have shown 
few significant differences. Remedial 
branching was shown to be superior 
when it was based on self-evaluation as 
well as on error responses. 

11. Programs often can be presented 
to groups as effectively as to individuals 


especially if each learner has a response- 
feedback device. 

12. Conventional textual material has 
been shown to be as effective as or more 
effective than discrete program frames 
in promoting learning. 

13. Few significant differences have 
been demonstrated between constructed 
and multiple-choice responses relative to 
their advantages in learning achieve- 
ment. Multiple-choice answers usually 
save time and may promote more trans- 
ferable knowledge than constructed re- 
sponses. 

14. Covert responses and reading 
often are just as effective as overt re- 
sponses if the learner is participating 
attentively. The relative advantages of 
different types of response depend in 
part on program difficulty, probably be- 
cause it affects the level of participation. 

15. With study time equated, reading 
plus adjunctive multiple-choice review 
questions were more effective than lin- 
ear programs. 

16. There is no conclusive evidence 
that errors as such are detrimental to 
learning if they are corrected immedi- 
ately and if the learner understands why 
he was wrong. The easy programs do 
not always promote the highest achieve- 
ment scores. 

17. The reinforcement interpretation 
of learning from programs does not ex- 
plain why explicit confirmations are not 
always needed or why boring programs 
can still promote learning. Research has 
shown that specific prompts are more 
valuable in a learning sequence than spe- 
cific confirmations. 

18. Sensory feedback is a more useful 
concept in understanding learning than 
either confirmation or reinforcement for 
it describes the differential process by 
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means of which the individual compares 
his performance with a prescribed pat- 
tern. 

19. Although  self-instruction may 
mask individual differences, it does not 
eliminate them. Care must be taken to 
avoid bringing brighter students down 
to the level of programs which can be 
mastered by the slower students. 

20. There is evidence that arbitrarily 
limited teaching programs do not pro- 
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vide a varied enough feedback context 
to assure adequate generalization and 
transfer. 

21. Teachers should be trained in pro- 
graming techniques so that they can pre- 
pare their materials to fit their specific 
needs. Such training is generally useful 
in that it provides insights into good 
teaching procedures and the nature of 
meaningful learning. 


CHAPTER 


13 


Textbook Design 


In the last eight chapters, we have sur- 
veyed the design and use of contempo- 
rary teaching devices and_ techniques 
which supplement live instruction and 
books in our schools and training cen- 
ters. At the early stages of development 
of some of these modern techniques, it 
was believed by some that they would 
decrease the use of books as teaching 
devices, but no such effect has occurred 
or is likely to occur. Rather than dis- 
placing books, each new teaching me- 
dium has increased their use. But in 
emphasizing our need for books as gen- 
eralized teaching tools, the new tech- 
niques also have emphasized the im- 
portance of design in determining a 
book’s effectiveness. 

The unhappy fact is that the design 
of man’s oldest and most universal edu- 
cational device has received little atten- 
tion from behavior science. We do not 
know in objective terms the advantages 
and disadvantages of conventional books 
or how they can be improved. However, 
we can make some informed guesses. We 
suspect that the universality and dura- 
bility of books as learning media can be 
attributed to the intrinsically organized 


verbal and nonverbal sensory-feedback 
rocesses of reading and creative writ- 
ing. Book learning is more widely gen- 
eralized and transferred than learning 
from more specialized devices. But to 
integrate verbal and nonverbal knowl- 
edge effectively, books must be as con- 
temporary in their design as the knowl- 
edge they attempt to portray. In order 
to keep pace with the advancing front of 
human knowledge, books as well as 
other teaching media must be designed 
to communicate the significant features 
and interactions of the human condition. 


VERBAL-NONVERBAL DESIGN 


From our general knowledge of teach- 
ing media and meaningful learning, we 
derive these tentative principles about 
how to design books to promote effective 
learning. We believe that nonverbal il- 
lustrative content should be integrated 
with the verbal content to enhance the 
realism of concrete situations and to 
structure the pattern of learning; to pro- 
mote active student participation in the 
instructional situation; to reveal organi- 
zational features of the subject matter 
and to provide stable visual patterns as 
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a background for the articulated verbal 
material. Patterns of verbal-nonverbal 
materials in books provide differential 
feedback patterns which structure the 
student’s reactions and determine the 
course and content of learning. What we 
are striving for is a broad understanding 
of the subject matter—meaningful 
knowledge that is general, transferable, 
and adaptable. If we are successful, the 
student’s reaction patterns will not be 
limited to those explicitly structured by 
the author of the book but will be flexi- 
ble enough to apply to many diverse 
situations. In this way we hope not only 
to provide the student with factual 
knowledge but also to stimulate him to 


processes of inventive activity and origi- 
nal thinking. 


Learning from Illustrations 


The research literature relating di- 
rectly to the problems of book design as 
here formulated is extremely limited. 
The earliest work, according to a review 
by Spaulding (1955), was concerned 
mainly with children’s preferences in 
pictorial illustrations. It has been ob- 
served that children like pictures with 
color and action. Ferguson (1957) re- 
ported that pictures of animals or objects 
in action elicited roughly twice as many 
free responses from children as nonac- 
tion pictures. Children like pictures of 
animals and pictures that tell a story. 
Most importantly, they want realism; 
children prefer monochromatic illustra- 
tions that are realistic to illustrations 
that are colored but unrealistic (Rudisill, 
1952). As we have seen, however, stu- 
dents’ preferences are not predictive of 
the teaching effectiveness of different 
educational materials. 

Most of the studies comparing the 
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relative effectiveness of illustrated and 
nonillustrated verbal presentations in 
promoting learning were hampered by 
the fact that achievement was measured 
by verbal tests. As we saw in relation to 
studies of learning from films, verbal 
tests do not measure adequately what is 
learned from nonverbal materials. In 
view of this fact, any measurable in- 
crease in verbal learning from the use 
of nonverbal illustrations may reflect a 
more significant increment in achieve- 
ment than is revealed by the data. 

A 1944 study of Halbert, described 
by Spaulding (1955), compared the ef- 
fectiveness of reading a booklet with 
and without pictures and looking at the 
pictures without the text. Children re- 
ported more information after reading 
the illustrated text than after seeing the 
text or pictures alone. However, a simi- 
lar study of second graders by Wein- 
traub, reported by Wendt and Butts 
(1962), found that comprehension tests 
significantly favored the method of pre- 
senting stories without pictures rather 
than with pictures, 

Several studies on older children also 
found that illustrations did not increase 
learning. Burdick reported that passages 
in high school science texthooks were 
not improved in teaching effectiveness 
by illustrating them with cross-sectional 
drawings or perspective cutaways 
(Wendt and Butts, 1962). Vernon 
(1953b, 1953c, 1954) tested the effec- 
tiveness of many different kinds of il- 
lustrations, including photographs, pic- 
torial charts, diagrams, and graphs for 
all ages of learners from school children 
to adults and found no significant in- 
creases in learning that could be at- 
tributed to the use of illustrations. It 
must be remembered that the criteria of 
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learning in all of these studies were 
verbal. 

Another line of evidence drawn from 
research on multichannel presentations 
by means of various audiovisual media 
suggests that the addition of pictorial 
material to verbal presentations does 
indeed produce an increment in learn- 
ing. Hartman (1961b) reviewed all stud- 
ies which compared presentations of 
related _pictorial-verbal material with 
verbal alone. In some cases the verbal 
material was presented aurally, by re- 
cording or sound track, and in some 
cases visually by means of printed text. 
Experimental comparisons almost invari- 
ably favored the combined pictorial-ver- 
bal presentations over either visual or 
aural verbal material in spite of the fact 
that most of the tests of learning were 
verbal. Hartman concluded that the re- 
search evidence at that time strongly in- 
dicated an advantage for combining pre- 
sentation channels. 

A recent analysis of how pictures con- 
tribute to verbal learning from recorded 
sound narration was carried out by 
Ketcham and Heath (1962). The au- 
thors were interested in determining 
whether the presentation of pictures rele- 
vant to the verbal material would in- 
crease learning of verbal facts not ac- 
tually embodied in the pictures. They 
prepared a recorded narrative account 
of a fictional holdup-murder-trial epi- 
sode which referred to and identified 
relevant pictures (for example, pictures 
of the judge or the jail) and then went 
on to recount additional facts that could 
not be obtained directly from the pic- 
tures. Four groups of graduate student 
subjects listened to the narration under 
four different conditions: (a) sound 
alone; (b) sound plus relevant pictures; 
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(c) sound plus abstract illustrations of 
geometric forms; and (d) sound plus 
unrelated pictures of landscapes. Figure 
13.1 shows the scores made by each 
group on a posttest based on facts given 
in the narration but not in the pictures. 
A significant variation was produced in 
learning scores by varying the type of 
visual presentation. The use of relevant 
ictures resulted in a learning incre- 
ment, but abstract and unrelated pictures 
apparently served as a distracting influ- 
ence and produced a learning decrement. 

These findings support what we have 
suspected, that the use of visual displays 
does more for the teaching situation than 
simply increasing the amount of infor- 
mation presented. Pictures and other 
illustrations provide a stable, spatially 
organized visual framework or back- 
ground for the more highly articulated 
and more temporally organized verbal 
presentation. A visual display provides a 
pattern which helps to establish the in- 
terrelationships among more discrete 
facts. It serves as a memory device to 
facilitate recall of significant features. 


Figure 13.1. Learning from recorded narra- 


tion presented alone or with pictures not em- 
bodying the criterion test material. The varia- 
tion in scores was significant at 0.01. (Data 
from Ketcham and Heath. Teaching effective- 
ness of sound with pictures that do not embody 
the material being taught. Aud.-vis. Commun. 
Rev., 1962, 10, 89-93.) 
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It serves both to prompt and to confirm 
responses of the learner. In brief, it 
facilitates learning by helping to or- 
ganize the material to be learned. 


Analyzing Specific Factors 

A critical issue in using illustrative 
material is how to use it most effectively. 
What factors in illustrations interact 
with what factors in the text and in the 
learner to determine what is learned? 

One of the most interesting analyses 
bearing on this general problem was car- 
ried out by Spaulding (1956) in connec- 
tion with a project set up to publish and 
distribute reading materials to newly 
literate adults in Latin America. For a 
pilot study, eleven illustrated booklets 
were prepared on such useful subjects 
as farming practices, with each left-hand 
page carrying a pictorial illustration plus 
its caption and each right-hand page, 
the related text. For comparative pur- 
poses, the same textual material was 
presented in another set of nonillustrated 
booklets. A total of 102 adults in Costa 
Rica and Mexico were given the two 
types of booklets and then were tested 
by means of recall and association tests. 
For eight of the booklets, sixty-six per- 
cent more information was recalled after 
reading the illustrated versions, but for 
the other three booklets, twenty-six per- 
cent more was remembered after reading 
the nonillustrated versions. The experi- 
menter suggested two reasons for this 
apparently detrimental effect of pictures 
in three booklets. Two of them were 
illustrated with pictures in a woodcut 
style that violated perspective and did 
not give clear-cut realistic presentations. 
The third of these three booklets dealt 
with complex information that was not 
clarified by the pictures. 
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In a further study in Costa Rica and 
Mexico, an attempt was made to define 
more clearly the illustrative factors that 
contribute to learning. A total of 252 
pictures, including realistic line draw- 
ings, woodcuts, and stylized drawings, 
were presented to ninety-eight adults who 
were asked to tell what they saw in the 
pictures. An analysis of their reports 
showed that the interpretations of the 
viewers were structured by past experi- 
ence and were extremely literal. For the 
type of reader studied here, Spaulding 
concluded that very realistic pictures 
were necessary and that color should 
not be used unless it was realistic. The 
amount of detail and action in a picture 
should be limited to the important points 
to be illustrated to avoid confusing or 
misleading the viewer with too much ex- 
traneous material. 

Similar findings were reported by 
Fonseca and Kearl (1960) from a study 
carried out in rural Brazil. Several hun- 
dred members of a farm youth organiza- 
tion, ten to eighteen years old, were 
tested for their ability to recognize pic- 
torial symbols which had different de- 
grees of fidelity to objects (for example, 
ant, pig, church), arbitrary symbols (for 
example, question mark, dollar sign), 
and picture stories (for example, drink 
boiled water, how to kill ants with in- 
secticide). The authors concluded that 
the ability to interpret many symbols is 
a learned skill and thus varies with age, 
experience, and education. For maxi- 
mum teaching effectiveness, pictorial 
symbols and picture stories should be as 
realistic as possible but should not have 
excessive detail. Formal education in- 
creased the understanding of abstract 
symbols, picture series, and symbols not 
related to the viewer's daily life. 
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Difficulties in interpreting abstract 
symbols and drawings are not limited 
to children and the poorly educated but 
are found in students at all educational 
levels as well as in adults. After a series 
of studies on the use of cross-section 
drawings, diagrammatic symbols, and 
process-diagrams in American schools, 
Malter (1948) concluded that children 
need adult help to enable them to read 
diagrams. An extensive series of obser- 
vations carried out on grade school and 
high school students and airmen in Eng- 
land led Vernon (1953b) to the conclu- 
sion that considerable intelligence and 
training are needed to understand dia- 
grams, charts, and graphs. In general 
she found that numerical figures were 
understood about as well when presented 
in tables as in diagrams or charts, al- 
though the drawings may stimulate more 
interest in the material. As a rule dia- 
grams needed verbal explanations to 
make them clear. 

One of Vernon’s conclusions was that 
different types of data require different 
types of diagrams. A few objective com- 
parisons of different kinds of diagrams 
or graphs provide some specific sugges- 
tions about what particular form will be 
most effective for certain purposes. In- 
vestigating eight different graphical rep- 
resentations of the relative size of parts 
of a whole, Peterson and Schramm 
(1954) found that a circle graph was 
read most accurately and multiple area 
columns least accurately. A single seg- 
mented bar was slightly more effective 
than a disc, multiple bars, multiple cyl- 
inders, multiple square columns, or a 
Partial cosmograph. Culbertson and 
Powers (1959) found that bar graphs 
were better than line graphs for evaluat- 
ing and comparing specific quantities. 
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Vertical bars were slightly more effec- 
tive than horizontal bars, but horizontal 
bars had the advantage of providing 
more space for labels and quantities. 
These authors found correlation coeffi- 
cients of 0.551 to 0.557 for graph read- 
ing ability and numerical, verbal, and 
abstract reasoning aptitude scores, and 
a coefficient of 0.427 for graph reading 
ability and a general IQ score. Feliciano 
et al. (1963) found that bar graphs 
were more effective than tables in pre- 
senting statistical information. 

One feature of verbal-nonverbal pro- 
graming that deserves careful study is 
the relative density of nonverbal display 
in a presentation or the rate at which 
visual illustrations are introduced during 
a continuous verbal discourse. There are 
few objective data assessing the visual 
density factor in book design, although 
one of the earliest research efforts esti- 
mated that perhaps one-half of the space 
in children’s books should be given over 
to illustrations (Spaulding, 1955). Rela- 
tive to this problem, we have made some 
controlled observations on the behavior 
of people listening to audiovisumatic 
lectures while the presentation rate of 
visual illustrative slides was varied. High 
school students, college students, and 
adult groups were observed. The relative 
effectiveness of different visual densities 
was judged according to the number of 
persons in the audience maintaining 
their orientation to the projection screen. 

We observed first of all that recorded 
lectures presented with no coordinated 
visual material did not hold the attention 
of a class very well. With nothing to 
stabilize or direct visual orientation, 
both students and adults after ten or 
fifteen minutes began to look around, 
shift position, chew their finger nails, 
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read, and talk. However, the addition of 
almost any kind of visual slides served 
to sustain the attention of the audience 
at what appeared to be an acceptable 
level. Our general observation was that 
the consistency of orientation toward the 
visual presentation varied with the rate 
of changing slides up to a rate of about 
two slides per minute. Although these 
observations cannot be applied directly 
to visual density in book design, they 
suggest that optimal verbal-nonverbal 
patterns might be established. 

The most specific conclusion we can 
draw from the studies reported here is 
that care must be taken in using abstract 
and graphical materials, especially in 
books prepared for lower educational 
levels. In spite of the tentative nature of 
our knowledge about illustrations and 
learning, however, a few years ago it 
was proposed seriously that a manual 
should be prepared and distributed by 
publishers telling authors how to illus- 
trate their textbooks (Miller et al., 
1957). Unfortunately, it may be some 
time before such a manual could be writ- 
ten that would make sense to the publish- 
ers and authors as well as to learning 
theorists and audiovisual educators, 
Meanwhile any author interested in the 
relation of book design to learning is 
relatively free to formulate his own 
hypotheses. 


AN EXAMPLE OF TEXTBOOK 
DESIGN 


In the absence of a definitive body of 
experimental literature on book design, 
we are going to illustrate our concepts 
further by describing some specific tech- 
niques that we used in preparing a text- 
book and workbook in introductory psy- 
chology (Smith and Smith, 1958; Smith, 
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et al., 1958). Most of the techniques 
have been used elsewhere in books, peri- 
odicals, manuals, advertising brochures, 
and so on, but our purpose here is to 
describe them in terms of principles of 
verbal-nonverbal programing. Inasmuch 
as we were writing for the college level, 
we assumed that our readers would have 
had some experience with different types 
of artistic and graphic expression. 


Promoting Participation 

The activity known in general terms 
as reading a book includes a variety of 
perceptual and symbolic reactions car- 
ried out at various levels of attention, 
concentration, and participation. Differ- 
ent phases of this dynamic observational 
behavior can be described as alerting re- 
actions, perceptual orientation reactions, 
and articulated Tesponses to sequences 
and patterns of symbolic stimuli. A pri- 
mary purpose of visual illustrations is to 
regulate orientation and to maintain a 
high level of concentration on the sym- 
bolic response patterns. 

The use of lavish illustrations to at- 
tract and hold attention is a common 
technique, particularly in advertising 
and merchandising displays. This sort of 
Perceptual control of behavior often is 
described as perceptual motivation in 
Tecognition of the fact that the motiva- 
tion to react to a diversified perceptual 
environment is implicit in the activity it- 
self. Whereas a nonillustrated textbook 
must maintain the reader’s participation 
by verbal symbolism alone, the use of 
illustrations makes the participative ac- 
tivity more certain by providing a con- 
tinually varying visual space. This di- 
versification is known to be important in 
children’s books, and we believe it to be 
important for advanced students as well. 
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Part of the tedium induced by linear 
programs probably is due to their rou- 
tine and unvarying visual design. 

On the other hand. perceptually moti- 
vated behavior is of little use in the 
learning situation unless it advances the 
reader’s learning or understanding of 
the subject matter. Thus visual material 
must be selected to direct and regulate 
the ongoing participation of the reader 
in such a way as to promote effective 
learning. Using illustrations in this way 
might be called nonverbal prompting, 
and it is especially valuable in difficult 
or complex material where pictorial dis- 
plays keep the reader oriented toward 
the important points and help to struc- 
ture his understanding of the subject 
matter. New concepts are better under- 
stood if they are defined by nonverbal 
as well as verbal patterns. To insure 
effective integration of verbal and non- 
verbal materials, the illustrations of the 
textbook we are describing were planned 
while the text was being written. 

The workbook prepared for use with 
the text used conventional question-and- 
answer techniques but its over-all design 
was based on the same principles of 
verbal-nonverbal programing. The ob- 
jectives were to insure overt participa- 
tion of the student in the subject matter, 
to use visual material to provide cues for 
and to help confirm the overt responses, 
and to stimulate the student to apply his 
knowledge to new projects and the solu- 
tion of new problems. Many of the draw- 
ings were similar to textbook illustra- 
tions to give the student a feeling of 
familiarity but not identical to them. 
Captions were eliminated and certain de- 
tails changed so that the student re- 
sponded to somewhat different patterns 
than had appeared in the text. Thus he 
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not only was given the opportunity for 
review but also was helped to generalize 
his learning to somewhat different situa- 
tions. 

Except for a self-quiz in each chapter, 
for which the answer keys were given in 
the back of the book, the student was 
kept working throughout the workbook 
with related visual and verbal material, 
that is, identifying graphically displayed 
phenomena, comparing objects and in- 
teractions, and finding solutions to par- 
tially portrayed problems. Some visually 
structured projects were given to be car- 
ried out by individuals or by groups and 
some of these required the construction 
of graphs from data obtained by the 
student himself. Thus, in some ways. the 
workbook simulated a laboratory situa- 
tion. 


Simulating Reality 

An obvious function of book illustra- 
tions is to enhance the reality of the ma- 
terial for the reader. However, the best 
way to simulate reality is not necessarily 
to use artistic realism. Photographs and 
realistic paintings and drawings often 
are useful but in many cases they are 
less effective than other types of graphic 
or artistic representation. Even in trainer 
design, as we saw in Chapter 7, the best 
simulation may not be the most realisti- 
cally complete but the one which inte- 
grates the most significant features of 
the skill in an effective temporal and 
spatial pattern. 

In textbook art, the type of graphic or 
artistic technique used should depend on 
the function it is to serve as well as the 
educational level of the reader. We used 
photographs and drawings of labora- 
tories, experimental techniques, and 
other relevant situations to induce a 
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feeling of familiarity with the methods, 
techniques, and phenomena of the sci- 
ence of psychology. Further, pictures of 
real people carrying out ordinary—or 
extraordinary—activities were used to 
remind the student that psychological 
events occur not just in laboratories but 
in behavior everywhere. 

To provide an organized backdrop for 
the beginning student emphasizing the 
variety of the subject matter, many dif- 
ferent kinds of persons were portrayed 
in relation to the verbal accounts of 
psychological research and psychological 
concepts. The two drawings in Figure 
13.2 show how the artist used graphic 
diversification to illustrate a study on 
executive behavior and ability and to 


Figure 13.2. 
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Two uses of graphic diversificati 
individuals. (From Smith and Smith. The behavio; 
ogy. New York: Holt, Rinehart and Winston, 
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provide a theme drawing for the chapter 
on individual differences. One comment 
made about this book, meant to be de- 
rogatory, was that one never could see 
such a collection of characters except on 
a New York subway. In a sense this was 
what the authors and the designer had 
in mind. 

Techniques of graphic segregation 
were used to identify important points 
or to isolate details or parts which the 
student should learn to discriminate. For 
such purposes, a drawing that empha- 
sizes or exaggerates the significant de- 
tails is more useful than a realistic 
picture. An experiment we described 
earlier lends support to this idea. Ryan 
and Schwartz (1956) found that to pro- 


on to illustrate different types of 


r of man: introduction to psychol- 
1958.) 
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Figure 6.12. Perceptual motivation in 
the monkey. Monkeys learned to perform 
tasks and make visual discriminations 
when their only reward was to be able 
to look out of the enclosed box into 
the surrounding room. (From Butler, 
R.A. Discrimination learning by 
rhesus monkeys to visual-exploration 
motivation. J. comp. physiol. 
Psychol., 1953, 46, 95-98). 


percent correct trials 


chance performance 


Figure 13.3. 


days of training 


Combining pictorial displays and graphs to provide two levels of 


abstraction and help establish the meaning of the graphs. (From Smith and Smith. 


The behavior of man: 
Winston, 1958.) 


mote learning of the details in a picture. 
a cartoon-type drawing was more effec- 
tive than either a photograph or a realis- 
tic drawing. We sometimes used dia- 
grams to segregate or isolate important 
points that could not be represented pic- 
torially, Color was used to isolate or 
emphasize specific parts of drawings and 
a number of full-color illustrations gave 
realism to the discussion of color vision. 

Generalizing from research on the 
value of color in training films and edu- 
cational television (May and Lumsdaine, 
1958; Rosenstein and Kanner, 1961), 
we would not expect the lavish use of 
color, except when needed to aid identi- 
fication or discrimination, to add greatly 
to a book’s teachig effectiveness. How- 
ever this point can be established only 
by objective study. It is possible that 
full-color illustrations are significantly 
more effective than black-and-white for 
some purposes, for example, for teach- 
ing young children. Certainly there are 
many types of subject matter that benefit 
from graphic displays in several colors 


introduction to psychology. New York: Holt, Rinehart and 


—biological and medical drawings and 
maps come immediately to mind. In 
view of the expense involved in color 
reproductions, however, it would seem 
worthwhile to make a systematic analy- 
sis of their value in textbooks. 

An important function of illustrations 
is to promote generalization and transfer 
by techniques of graphic integration 
wherein the design illustrates the gen- 
erality of a concept rather than its spe- 
cific manifestations. Abstract drawings 
and graphs are themselves abstracted or 
generalized concepts and thus can be 
used to represent a.class of events rather 
than single instances. In some cases, a 
nonverbal abstraction helps establish the 
meaning of a concept or interaction that 
is difficult to express verbally. 

Many processes and interactions in na- 
ture can be represented most precisely 
by quantitative graphic functions, but as 
we have seen in the research literature, 
the meaning of graphs is not always im- 
mediately apparent, especially to begin- 
ning students or those with little back- 
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ground in mathematics or science. In 
some cases, we combined pictorial dis- 
plays and graphs in order to provide 
additional prompts and to add more spe- 
cific meaning to the generalized process 
or interaction being represented. An 
example is shown in Figure 13.3. 
Inasmuch as the subject matter of the 
book we are describing was psychology, 
many discussions concerned internalized 
patterns of behavior—emotion, thought, 
and so on—which are experienced sub- 
jectively but are marked by little overt 
activity. We found that even these sub- 
jective patterns often could be illus- 
trated effectively by the techniques of 
expressionistic art, that is, getting from 
the artist graphic patterns that expressed 


Figure 13.4. Expressionistic re 
Smith and Smith. The behavior 


Holt, Rinehart and Winston, 1958.) 
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his own inner, subjective reactions. As 
an example, the drawing in Figure 13.4 
shows how the artist represented the 
hallucinatory reactions of a subject who 


took part in an experiment on sensory 
restriction. 


Providing Nonverbal Organization 


It is recognized generally that mean- 
ingful, organized subject matter is 
learned more readily and retained more 
effectively than material with little or no 
intrinsic organization. Accordingly, it is 
easier to learn and to remember a fact 
that can be integrated into an established 
pattern than some incidental item that 
seems to stand alone. 


Organization and patterning are so 


presentation of hallucinatory reactions. (From 
of man: introduction to psychology. New York: 
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important in learning that we often es- 
tablish arbitrary patterns to help us or- 
ganize, learn, and retain loosely organ- 
ized material. One interesting but little 
understood facet of human behavior is 
the development by some individuals of 
memory forms which provide a spatially 
organized framework for number sys- 
tems, dates, days of the week, and so on. 
For example, a person known to the au- 
thors who has an internalized pattern of 
this sort for the days of the week auto- 
matically thinks of the seven days ar- 
ranged consecutively around an oval pat- 
tern. It seems quite certain that implicit 
perceptual patterns of this sort, even 
when arbitrary in their organization, 
facilitate learning and memory of dis- 
crete facts that can be “located” on the 
pattern. 

Spatial patterns and other organiza- 
tional features are just as important in 
textbook learning. Purely verbal mate- 
rial is organized temporally for the most 
part and may be difficult to grasp as an 
organized whole. With a nonillustrated 
book, a reader must organize and project 
himself into the described events and 
situations on the basis of verbal symbols 
alone, supported by his own limited ex- 
perience with the situations. Illustrations 
quicken this organization and give more 
immediate meaning to the words. In this 
process, pictorial and graphic displays 
act as patterned, meaningful reference 
systems against which the sensory-feed- 
back effects of reading can be continu- 
ally checked. As shown in the study by 
Ketcham and Heath (1962), relevant 
pictures helped the students learn and 
remember even those details that did not 
appear in the pictures. Illustrations pro- 
vide sustained perceptual backgrounds 


for the temporally sequenced verbal ar- 
ticulations. 

One organizational feature of verbal 
exposition is that of sequencing the pres- 
entation of topics according to their 
meaningful interrelations. A general 
statement of a concept usually is given 
first followed by more detailed descrip- 
tions of more specific phenomena or 
principles that can be subsumed within 
the general category. The verbal design 
of a textbook indicates graduated levels 
or categories by means of chapter divi- 
sions and within-chapter headings of 
different value. 

It is possible to sequence visual dis- 
plays according to these same organiza- 
tional principles. In our textbook, each 
chapter was headed by a theme drawing 
or display designed to suggest the over- 
all nature of the subject. Within the 
body of chapters, general displays were 
used first to familiarize the student with 
new concepts and new experimental 
areas and the like. These were followed 
by more detailed presentations including 
quantitative diagrams and graphs. Still 
another organizational technique was to 
use sequential displays to represent 
stages in a process going on in time. 


Dimensions of Meaning 

The primary purpose of verbal-non- 
verbal programing is to facilitate and 
enlarge the student’s understanding of 
the subject matter, that is, to make the 
material meaningful to him. The nature 
of understanding is related to the nature 
of meaning, but neither of these im- 
portant concepts can be defined precisely 
in objective terms. We can say a lot 
about them, but we cannot tie them 
down to any specific behavioral phe- 
nomena. 
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torial art and graphic displays can inter- 
act in various ways with verbal symbols 
to provide general meanings for and 
understanding of the environment and 


its space, time, and kinetic properties. 


Promoting Different Forms 

of Thought 

The learning promoted by reading is 
mainly cognitive and may involve differ- 
ent forms or patterns of thought—for 

| example, imagination or dreaming, con- 


Word meanings are der 
g direct perceptual-motor reactions, 


nonverbal communicative movements, 
bal responses. The components of meaning vary in 
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Communication Gesture 


Expressive 
Movements 


Emotional 
Expression 


ived from different behavior reference 


emotional-motivational re- 
expressive movements, graphic or 


crete thought, logical thought, emotional 
thought, evaluative thought, and creative 
thought. It cannot be said that any one 
type of thinking is generally better or 
more successful than another, for the 
usefulness of a pattern of thinking can 
be judged only in terms of the function 
to be served. In teaching formal knowl- 
edge, we sometimes wish to promote 
concrete or logical thinking and at other 
times imaginative or creative thinking. 
Students should learn to deal with am- 
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Our difficulty in defining and dealing 
with understanding and meaning is due 
in part to their fluid nature. Meanings 
are not absolutely fixed from person to 
person or even within the same person 
but change with experience and with 
circumstances. The behavioral correlates 
of meaning involve not just overt be- 
havioral and symbolic processes but 
emotional and physiological variables as 
well. Thus the meaning of a word cannot 
be specified exactly in terms of related 
verbal symbols because of its important 
nonverbal and subjective components. 

One approach to the analysis of mean- 
ing (Osgood, 1952; Osgood and Suci, 
1955) is in terms of semantic differen- 
tial scales. (For use of such scales in 
attitude measurement, see Figure 12.2.) 
Their procedure was to have subjects 
rate the meaning of a word in terms of 
fifty pairs of adjective Opposites such as 
bad-good, rough-smooth, and so on. 
Each rating was made on a seven-point 
scale representing the continuum from 
one adjective to its opposite. Thus a 
word such as polite might be rated en- 
tirely good, approximately midway on 
the rough-smooth and cold-hot scales, 
more strong than weak, more fresh than 
stale, and so on. When the semantic dif- 
ferential profiles of many words were 
analyzed statistically, it was found that 
they varied principally in terms of three 
factors, which were identified as evalua- 
tion, potency, and activity. Although 
these factors themselves do not mean the 
same thing to everyone, they do indicate 
that in order to convey language mean- 
ings in full it is necessary to provide ref- 
erence meanings related to intensity of 
belief, evaluation or comparative values, 
and activity. 

The major types of activity which 


TEXTBOOK DESIGN 


might give meaning to words and con- 
cepts are diagramed in Figure 13.5. This 
drawing suggests that there are a num- 
ber of behavioral reference systems 
which define meanings—in this case the 
meaning of snake. These activity cate- 
gories include direct perceptual-motor 
actions triggered by the presence of real 
snakes, emotional-motivational reactions, 
various types of nonverbal symbolic ac- 
tions such as gestures and expressive 
movements, artistic representations by 
means of graphic or plastic techniques 
or observing these representations, and 
verbal reactions including the use of the 
word snake in all sorts of descriptive, 
definitive, comparative, and evaluative 
contexts. In the diagram, the action cate- 
gories are arranged roughly according 
to their level of symbolic abstraction. 
The symbolic actions not only occur as 
specific behavior patterns in their own 
right but also come to represent the 
more direct behaviors and to mediate 
their meaningful effects. Pictorial dis- 
plays are a particularly effective medium 
for symbolic representation because of 
their flexibility and variety. Thus we be- 
lieve that illustrative material in books 
Serves as one source of sensory data 
from which language meanings are de- 
rived. 

Word meanings represent a dual level 
of abstraction, that is, the level related 
to direct perceptual-motor and emotional 
behavior and the level related to sym- 
bolic actions which themselves are ab- 
Stract representations of direct action. 
Because nonverbal symbols, including 
Pictorial and graphic representations, 
are themselves partly abstract, the mean- 
ings derived from them are often more 
generalized than those based on direct 
environmental interactions. Thus pic 
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biguous and controversial subject mat- 
ters in different ways than they deal 
with rigidly defined, generally accepted 
facts. In human affairs there are even 
areas where emotional or evaluative 
thinking is not out of place. 

One of our ideas about book design 
was that different forms of artistic ex- 
pression and graphic display could be 
used to promote different patterns of 
thinking to serve different functions. 
Photographs and concrete, realistic 
drawings are related to accurate detail 
and standardized repetitive experience. 
In contrast, impressionistic and expres- 
sionistic displays are related to analytic 
patterns of thinking. Impressionistic 
drawings emphasize observational accu- 
racy and can be used to depict analyti- 
cally the specialized variables and prop- 
erties of human perception—color, form, 
movement, and so on. Expressionistic art 
provides the artist’s analytic portrayal 
of emotion and feeling in projected per- 
ceptual terms. Abstract art represents 
general ideas as opposed to specific 
events. Abstract designs as well as quan- 
titative graphs can be used to represent 
temporal and spatial interactions and to 
suggest functional interrelationships that 
are difficult to describe verbally, 

The different forms of artistic expres- 
sion can be used most significantly to 
adjust the level of nonverbal expression 
to that of the verbal discussion of the 
subject matter. In this way the visual 
art of the book is correlated with the 
mode and level of treatment of specific 
subjects. In our textbook, general human 
situations often were depicted with pho- 
tographs. Experiments demonstrating 
successive changes in behavior over a 
period of time were illustrated by realis- 
tic drawings showing the sequential 


stages. For the discussion of various 
social phenomena, the artist observed 
the scenes from above, suggesting the 
vantage point of a scientific social ob- 
server. In certain areas of conjecture 
and theory, an attempt was made to 
convey by means of illustrations as well 
as words the tentative or controversial 
nature of the subject matter. 

In our opinion an important function 
of artistic and graphic material in text- 
books is to arouse the curiosity and 
imagination of the reader in the hope of 
promoting creativity in thought. In most 
fields of knowledge, creativity is as de- 
pendent on nonverbal manipulation as 
on verbal. Modern science and_tech- 


Figure 13.6. A representation of Freudian 
theory intended to provoke critical examina- 
tion of the concepts. (From Smith and Smith. 
The behavior of man: introduction to psychol- 


ogy. New York: Holt, Rinehart and Winston, 
1958.) 
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nology particularly incorporate nonver- 
bal concepts about machine design, 
graphic representation, and systems in- 
teraction without which the verbal con- 
structs are relatively meaningless. 

How much creative thinking we ac- 
tually promoted with our illustrative 
techniques is, of course, a matter of con- 
jecture, but we shall describe here sev- 
eral specific illustrations that were in- 
tended to be more provocative than 


Figure 13.7. An exploratory display, 


esting subject are represented graphica’ 
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definitive. The drawing in Figure 13.6 
js a visualization of Freudian theory of 
the nature of personality and some of its 
important interactions. It was intended 
to be controversial and to make students 
feel uneasy about the somewhat fuzzy 
concepts of psychoanalysis and theories 
of unconscious motivation. According to 
observational evidence, these effects were 
achieved. 

The drawing in Figure 13.7 might be 


in which a number of aspects of an inter- 
Hy but not described in detail verbally, 


either in the text or in the caption. The student must work out some of the implica- 
tions of the drawing for himself. 
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called an exploratory display. It is in- 
tended to force the student to explore 
the significance and the implications of 
the drawing and thus to enhance the 
meanings of the subject matter. This 
drawing combines a series of objects, 
situations, and events and_ indicates 
some of their interactions but does not 
identify them specifically either in the 
caption or in the related text. The stu- 
dent must establish some of the mean- 
ings and search out some of the rela- 
tionships for himself. 

We believe that the use of correlated 
abstract, impressionistic, and expression- 
istic forms of graphic art invests the 
verbal information in the text with im- 
mediate and potent nonverbal impres- 
sions and meanings in an interaction 
within the reader that may very well be 
the key to a whole new line of thought. 
In areas of complex interactions and 
human relationships, such art forms may 
convey meanings that cannot be com- 
municated by formal language. The 
ability to visualize abstract interactions 
and dynamic phenomena related to 
power, energy, operations, development, 
motivation, conflict, and human values 
may make the difference between routine 
learning and creativity, 

We think that it is particularly im- 
portant to bring to the study of human 
behavior and the social sciences a recog- 
nition of human values. People must be 
observed not as rats in a maze or pigeons 
in a box but as individuals with emo- 
tions and sensibilities and a life to live 
in society. Expressionistic drawings such 
as the one shown in Figure 13.8 often 
can do more than many pages of text to 
give the reader some measure of under- 
standing of a human problem. 
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Figure 17.7. Forms of schizophrenia. 
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Figure 13.8. An expressionistic representa- 
tion of different forms of schizophrenia. A 
drawing of this sort portrays human values 
in a way not possible either with words or 
photographs. (From Smith and Smith, 1958.) 


Publishing ventures of the sort we are 
describing, for which professional artists 
executed several hundred illustrations, 
are expensive and can be justified eco- 
nomically only in areas where the de- 
mand for books promises extensive sales. 
However, we are convinced that the prin- 
ciples of verbal-nonverbal programing 
should lead to more effective textbooks 
even when illustrations are used on a 
much more limited scale. Authors are 
deterred from applying these principles 
for at least two major reasons. One is 
that actual techniques of verbal-nonver- 
bal integration have not yet been as- 
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sessed adequately by objective analyses. 
The other reason reflects the comment 
that Pressey (1960) made about teach- 
ing machines; for busy teachers, using 
the machines was often just too much 
trouble! So it is with authors. They 
write their books and insert a few pic- 
tures and graphs and then turn their 
attention to other pressing interests. 


Student Attitudes 
toward Illustrated Text 


A limited amount of evaluative data 
concerning our highly illustrated text- 
book is available in the form of attitude 
ratings collected from students who used 
the book in regular courses. One survey 
asked the students to rate several gen- 
eral aspects of the book and another ob- 
tained ratings comparing this text with 
another more conventional text and a 
book of readings. 

Arrangements were made’ to use the 
personnel and procedures of an annually 
scheduled student survey of college 
courses to obtain attitude data on the 
illustrated textbook from students who 
had used it in a course in general psy- 
chology. Planned and carried out by a 
student organization on the university 
campus, the survey sampled student re- 
actions to lectures and quiz sections as 
well as to the textbook. The main items 
concerning the textbook were that the 
text: Ll. is well organized; 2. provides too 
much detail; 3. provides too little detail; 
4. is relevant to the course; 5. presents an 
impartial view of the subject; 6. is an 
asset to the course; 7. presents material 
at the level of the course; 8. with the 
workbook, provides sufficient texts for 
the course. Student workers distributed 
and collected the survey materials. Of the 


250 students in the class, 202 participated 
in the survey, marking the survey sheets 
anonymously. The materials and results 
were sent to the professor in charge of 
the course (not an author of the book) 
after final grades had been recorded. 

The bar graphs in Figure 13.9 sum- 
marize responses of the entire group to 
six of the survey items dealing with the 
general nature of the illustrated book 
and its relation to the course. They show 
generally favorable student attitudes to- 
ward the text in spite of the fact that 
their attitudes toward the course were 
not consistently positive. This same class 
expressed a high level of disapproval of 
quiz-section instructors. 


Figure 13.9. Student attitudes toward a 
highly illustrated textbook. (Data furnished by 
Prof. H. Leibowitz.) 
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When attitude data were broken down 
according to college class, grade-point 
level, type of major, and sex, no dif- 
ferences were found related to grade- 
point level. Psychology majors more 
often judged the text as relevant to the 
course and more 


nonmajors often 


judged it as well organized. More fe- - 


males than males expressed positive 
attitudes but the differences were not 
reliable. Seniors showed lower positive 
attitude frequencies on all items than the 
other three classes. 

On another college campus, a com- 
parative survey was made of student 
attitudes toward three books used in a 
course in introductory psychology: the 
highly illustrated text, a conventionally 
designed textbook on human behavior 
written by an author whose prose style 
is recognized as excellent and who took 
a rigorously logical, theoretically ori- 
ented approach to the subject matter, 
and a collection of contemporary read- 
ings drawn from psychological research 
literature. Agree, disagree, and no opin- 
ion responses were obtained on three 
items: 

1. the book was well organized 
2. the book was interesting 
3. the book was too difficult 

Figure 13.10 summarizes the percent- 
age of responses in each category for 
the first item relating to opinions about 
the organization of the three books— 
the attitudinal variable in which we are 
most interested. It can be seen that the 
illustrated texbook was judged to be 
well organized far more often than the 
conventional text. Positive judgments 
about the book on contemporary read- 
ings were at an intermediate level. Al- 
though comparative attitude data of this 
sort have only limited significance, they 
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Figure 13.10. “disa- 


Percentage 
gree,” and “no-opinion” responses to “Text is 
well organized” item in survey comparing stu- 
dent attitudes toward three textbooks. (Data 
furnished by Prof. A. H. Hastorf.) 


“agree,” 


suggest that the verbal-nonverbal inte- 
gration of the illustrated text may have 
contributed to the students’ understand- 
ing of the subject matter and their judg- 
ments that the book was well organized. 

An interesting finding in this survey 
was that nearly half of the class could 
not make up their minds whether or not 
the illustrated text was too difficult. We 
would like to believe that this uncer- 
tainty resulted from the fact that diffi- 
cult material had been made to appear 
less difficult by the manner of presenta- 
tion, but we are aware of the possibility 
of less favorable interpretations. * 


THEORIES OF GRAPHIC 
COMMUNICATION 


Our ideas about verbal-nonverbal in- 
tegration in book design can be clarified 
by comparing and contrasting them with 
two thoughtful analyses of the nature 
and significance of graphic communica- 
tion—one from a psychologist and one 
from an emeritus curator of prints in 
the Metropolitan Museum of Art. The 
ideas drawn from these two diverse 


sources support, in certain important 


ways, our own concepts. 


Theories of Graphic Communication 


Gibson’s Theory 
of Pictorial Perception 

J. J. Gibson (1954) launched his 
analysis of the significance of pictorial 
communication in behavior organiza- 
tion by defining surrogates as those 
artificial stimuli that are used to convey 
meaning. A surrogate is artificial in 
that it conveys information at second 
hand. It might be any symbol such as 
a spoken or written word, a picture, a 
model, a gesture, and so on used to 
communicate meaning about objects or 
events not immediately present. 

Surrogate making serves not only a 
communicative function but a self-stim- 
ulatory function as well. A person who 
speaks stimulates himself as well as his 
listener and in so doing may set up @ 
pattern of thought. Thinking is not lim- 
ited to verbal surrogates however. Pic- 
tures too can be used to mediate thought 
as well as to convey information from 
one person to another. Thus persons 
learn to think in terms of pictorial as 
well as verbal surrogates. 

The communicative function of surro- 
gates, in Gibson’s analysis, varies with 
their degree of conventionality or non- 
conventionality. Pictures and graphic 
symbols vary from extremely realistic 
nonconventional representations of par- 
ticular objects, places, or events to con- 
ventional, arbitrary symbols such as 
words that stand for abstract or general 
things or ideas. The more arbitrary 4 
surrogate is, the more free it is to repre- 
sent general rather than specific con- 
cepts, but its general meaning which is 
accepted in a culture must be learned. 
Most pictorial and graphic designs are 
neither completely realistic nor com- 
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pletely abstract but lie somewhere be- 
tween these two extremes. Such mixed 
surrogates, especially pictures executed 
by hand, can signify some measure of 
concreteness and some measure of gen- 
erality. They achieve their abstract 
quality by distorting the fidelity of their 
representation of specific things. 

According to Gibson, the design of 
pictorial surrogates for instructional pur- 
poses can be based on the assumption 
that the perceiver does not need all of 
the properties of an absent object in 
order to know how to deal with it— 
only those that are relevant or signifi- 
cant for his purposes. Inasmuch as it is 
a waste of effort to simulate the object 
with complete realism, pictures and other 
mixed surrogates should follow the prin- 
ciple of selective emphasis to focus atten- 
tion on the most important parts, prop- 
erties, or relationships. The danger we 
encounter in reducing the fidelity of a 
picture is that its meaning may become 
vague or too nonspecific. 

Gibson summed up his analysis of the 
functions of graphic surrogates by say- 
ing that realism provides a_ substitute 
for first hand experience and _ thus 
teaches concrete things, whereas arbi- 
trary and conventional surrogates stimu- 
late the imagination and help to teach 
abstractions and general rules. They 
communicate information about prop- 
erties, variables, groups, classes, and 


universals. 


Ivins’ Theory of Visual 
Communication 

Ivins’ (1953) provocative account of 
the part played by exactly repeatable 
pictorial statements in the history of 
human thought and action in his own 
words, “grew out of a long endeavour 
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to find a pattern of significance in the 
story of prints.” For Ivins, this story 
took on significance not as a relatively 
minor chapter in the history of art but 
as a major contribution to the develop- 
ment of science, technology, and gen- 
eral knowledge. For not until men 
learned to print pictures were they able 
to repeat exactly a pictorial statement in 
the same sense that they had been able 
to repeat verbal statements for thousands 
of years. 

Two of man’s most important media 
of communication are words and pic- 
tures, but these differ, as Gibson and 
many others have said, in their degrees 
of abstractness or concreteness, Once a 
word is adopted by a culture, it can be 
spoken or written with many variations 
of vocal sound or graphic design and 
still represent the same word or symbol. 
Thus words are exactly repeatable even 
though their visual or auditory forms 
vary somewhat. On the other hand, a 
picture that is copied by hand is not 
exactly repeated; it is now a different 
picture. Not until the fifteenth century 
did Western man learn how to repro- 
duce pictures mechanically, so to speak, 
thus making it possible to repeat his 
pictorial statements exactly. 

What is the significance of this rela- 
tively late development of pictorial repe- 
tition? To Ivins, the most characteristic 
ideas, skills, and technologies of our 
modern civilization have depended on 
man’s ability to communicate his pic- 
torial and graphic knowledge from per- 
son to person and from place to place 
in as invariant a form as he communi- 
cates his verbal knowledge. One or two 
men cannot develop a science or tech- 
nology; they must communicate what 
they have thought and what they have 
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done to others lest it be lost. But in or- 
der for their knowledge to be preserved 
so as to contribute to a growing accumu- 
lation of knowledge, it must be repeata- 
ble. Insofar as our modern sciences and 
technologies involve nonverbal pictorial 
or graphic knowledge, they depend on 
prints to communicate that knowledge. 

The ancient Greeks, whose systems of 
thought are still revered today, could 
repeat their verbal statements by hand 
copying but had no technology for ex- 
actly repeating pictorial statements. Con- 
sequently their intellectual activity was 
structured mainly along verbal lines. 
According to Ivins (1953), “The Greeks 
were full of all sorts of ideas about all 
sorts of things, but they rarely checked 
their thought by experiment. . . .” Lack- 
ing concrete reference systems, they 
sought reality in the abstractions repre- 
sented by words. “Plato’s ideas and Aris- 
totle’s forms, essences, and definitions, 
are specimens of this transference of 
reality from the object to the exactly re- 
peatable and therefore seemingly per- 
manent verbal formula.” The only 
which the Greeks made 
significant advances were geometry and 
astronomy; for the first, words and re- 
peatable line drawings serve to store 
and communicate meanings, and for the 
second, the stars on a clear night serve 
as repeatable visual patterns for every 
one. Other natural sciences were not ad- 
vanced by the Greeks; certain botanists 
wrote descriptions of plants and illus- 
trated them with realistic drawings, but 
the drawings suffered so at the hands of 
copyists that the Greeks finally gave up 
even trying to describe the plants and 
simply listed all the various names by 
which each plant was known in differ- 


sciences in 
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ent localities and told what ailments it 
was good for. 

The development of methods of print- 
ing pictures in the fifteenth century 
heralded the downfall of the tyranny of 
words in man’s systems of knowledge. 
Modern science and technology gradu- 
ally took shape as their indispensable 
pictorial components were cut or en- 
graved or etched on printing surfaces 
for widespread dissemination. But not 
until after the development of photo- 
graphic techniques did pictorial repre- 
sentation attain such precision that it 
became a source of knowledge as well 
as a means of distributing it. In Ivins’ 
words: 


The complete revolution that has taken 
place in the basic assumptions of phys- 
ics during the last fifty years could 
never have been accomplished without 
the data provided by the photographic 
emulsion. 


For example, photographs of an eclipse 
in 1919 verified Einstein’s hypothesis 
about the action of gravitation on light, 
and photographs taken in Cavendish 
Laboratory of vapor condensations in 
cloud chambers were accepted as evi- 
dence of the complexity of the atom. 
Thus photographs sometimes reveal 
things that man cannot see directly; the 
permanence and repeatability of pic- 
torial statements provide a basis for 
challenging old ideas and formulating 
new ones; and their duplication makes 
it possible to communicate and instruct 
in nonverbal media as well as verbal. 
The import of this analysis is that 
purely verbal structures are apt to get 
out of hand and lose contact with reality 
unless they can be checked and cor- 


t observable specific events. 


rected agains 
s of verbal 


It occurs to us that the danger 
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abstraction are still with us, for exam- 
ple, in behavioral and social theory. 
Consider the concept of reinforcement in 
learning. Although it is accepted as a 
necessary component of the learning 
model by many theorists, it is difficult 
to pin it to specific events. An event that 
is reinforcing at one time may not be at 
a later time. Or one man’s reinforcer 
may be another man’s poison. Perhaps 
the reality lies only in the word! 


Behavioral Basis of Graphic 
Communication 

These two analyses of graphic com- 
munication have a number of interesting 
points in common and differ principally 
in matters of emphasis. Both indicated 
that graphic symbols can be thought of 
as lying on a continuum from concrete- 
ness to abstractness, with most of them 
lying somewhere in between. Thus Gib- 
son emphasized “mixed surrogates,” and 
Ivins compared different types of prints 
jn terms of their degrees of specificity 
or generality. Although he spoke of the 
usefulness of exact representation in 
photographs, he also described how con- 
ventionalized drawings can be used to 
represent classes of objects or events 
when the artist selects or emphasizes 
features that distinguish one class from 
all others. 

Our principal objection to these two 
analyses is that neither makes explicit 
allowance for the dimensionality of 
meaning and its behavioral base. We do 
not think of word symbols as complete 
abstractions, as Ivins implies, because to 
a given individual a word may have 
rather specific meanings derived from 
different behavioral reference systems. 
Nor do we assume, as Gibson seems to 
do, that an abstract symbol to be useful 
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in communication must have exactly the 
same conventional meaning for the in- 
dividuals using it. Because of the sub- 
jective components of meaning, we be- 
lieve that symbols can have only roughly 
equivalent connotations for several in- 
dividuals. Thus we would not expect to 
be able to specify exactly how individ- 
uals will react either to verbal or to pic- 
torial symbols, but we do believe that 
authors can make their meanings clearer 
by supporting verbal presentations with 
nonverbal adjuncts, and vice versa. Fi- 
nally we would emphasize more strongly 
Gibson’s brief reference to the ability of 
arbitrary symbols to stimulate the im- 
agination. Insofar as graphic symbols 
have different meanings for each in- 
dividual and can be combined in new 
patterns, to that extent can we hope to 
generate creative thought. 

One point made by Ivins is particu- 
larly applicable to our general theory of 
behavior organization. He suggested that 
the linear time order in which words 
must be used leads naturally to a verbal 
breaking down of real things into their 
definable qualities which have only con- 
ceptual existence. In words reminiscent 
of a gestaltist analysis, he said that a 
real object is a unity that cannot be 
broken down into separate qualities 
without becoming merely a collection of 
abstractions. What interests us here is 
Ivins’ suggestion that a linear time- 
order analysis of an environmental ob- 
ject or situation is artificial and does 
not reflect the observer’s direct percep- 
tions. Putting this into behavioral terms, 
we say that the behaving system or in- 
dividual is organized in such a way as 
to respond to the environment primarily 
according to spatial patterns and only 
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secondarily in a temporally organized 
series of reactions. At any given time, 
the individual’s responses are structured 
according to spatial differences in stimu- 
lus intensities at sensory sources, but 
each response modifies these spatial pat- 
terns and through the mechanisms of 
sensory feedback structures the next re- 
sponse. Thus we believe that the tem- 
poral organization of responses is medi- 
ated by intervening spatial regulatory 
patterns. 

To our mind this distinction between 
temporal and spatial organization is of 
critical importance in psychology. The 
conventional verbal models of behavior 
and learning are temporally sequenced 
models, in which successive stimulus- 
response-reinforcement units are linked 
together in time. We believe that these 
are arbitrary descriptions of what ac- 
tually occurs—as Ivins has said, they 
are time-ordered collections of abstrac- 
tions that have only conceptual exist- 
ence. We believe that to understand the 
realities of behavior, we must analyze 
its spatial organization and that to un- 
derstand learning, we must analyze how 
spatial patterns become reorganized in 
relation to the cumulative effects of ex- 
perience. We address ourselves to these 
problems in the chapters to follow. 


SUMMARY 


1. Principles of verbal-nonverbal de- 
sign are that books should integrate ver- 
bal and nonverbal material to simulate 
reality, to promote participation of the 
reader, and to provide stable patterns to 
help organize the subject matter. 

2. Illustrations cannot always be 
shown to increase learning from verbal 
textual material when learning is as- 
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sessed by means of verbal tests. How- 
ever, some experimental comparisons 
have favored pictures plus text over text 
alone even when tested by verbal tests. 

3. Studies have shown that the com- 
municative potential of pictures and 
symbols varies with age, education, and 
experience. For children and relatively 
uneducated adults, pictures should be 
realistic to be most effective. Considera- 
ble intelligence and training are needed 
to understand diagrams, charts, and 
graphs. 

4. Specific techniques of verbal-non- 
verbal book design are based as much 
on assumptions as on facts. A primary 
consideration is to use illustrations to 
motivate the student to read the book 
attentively. 

5. Participation can be guided and 
structured by using illustrations as non- 
verbal prompts, especially in relation to 
overt participation with workbook ma- 
terials. 

6. Illustrations can be used to simu- 
late reality, but the most effective simu- 
lation may involve selective emphasis or 
abstraction as well as pictorial realism. 
Specific techniques are graphic diversifi- 
cation, graphic segregation, and graphic 
integration. Expressionistic art can be 
used to simulate subjective reactions. 

7. Illustrative material can help to 
organize the subject matter for the 
reader by pointing out important topics, 
sequencing them logically, and provid- 
ing stable visual patterns as backgrounds 
for temporally sequenced verbal ma- 
terial. 

8. Promoting understa 
lishing the meaning of su 
complicated by the fact that 
cannot be specified exactly 


nding or estab- 
ject matter is 
meanings 
but vary 
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among individuals along several be- 
havioral dimensions. 

9. Osgood and Suci’s semantic differ- 
ential analysis indicated three primary 
factors in word meanings which they 
identified as evaluation, potency, and 
activity. 

10. Meanings develop from various 
types of activity, including direct re- 
actions, emotional and physiological re- 
actions, and various types of verbal and 
nonverbal symbolic reactions. Inasmuch 
as symbolic reactions are more or less 
abstract, the meanings derived from 
them are more generalized than those 
based on direct responses to the environ- 
ment. 

ll. Different artistic techniques can 
be used to stimulate different forms of 
thought. Realistic art is related to stand- 
ardized concrete experiences; impres- 
sionistic and expressionistic art repre- 
sent analytic portrayals of qualities of 
perception and emotion; and abstract 
designs suggest scientific generalizations 
and functional interactions. 

12. It is believed that various forms 
of artistic expression can be used to 
arouse curiosity, stimulate the imagina- 
tion, and promote creative thinking. 

13. Attitude data indicate that verbal- 
nonverbal integration in books may en- 
hance the reader’s conception of subject 
matter organization. 

14. Gibson and Ivins both indicated 
that the communicative function of 
graphic symbols depends on their de- 
gree of concreteness or abstractness. 
Ivins suggested that the development of 
modern science and technology hinged 
on man’s ability to print pictures— 
that is, to make exactly repeatable pic- 
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torial statements with which to check 
the meaning of verbal statements. 

15. An important difference between 
verbal and pictorial patterns is that the 
former are temporally organized and the 
latter are spatially organized. It is be- 


lieved that behavior is organized _pri- 
marily according to spatial patterns and 
that each successive phase in a temporal 


sequence reflects a changed spatial pat- 
tern. 


CHAPTER 


14 


Experimental Behavioral 


Cybernetics 


The past two decades have seen a gradu- 
ally growing recognition in human fac- 
tors studies of a new kind of experi- 
mental science oriented toward the 
investigation of feedback control in liv- 
ing systems. We use the term experi- 
mental behavioral cybernetics to refer 
to this research approach to understand- 
ing the feedback mechanisms involved 
in performance and learning. This new 
approach conceptualizes behavior not in 
terms of discrete units of response but 
as the continuous activity of a self- 
governing system. A basic assumption is 
that the efficiency of performance and 
the nature of learning are aspects of the 
level and complexity of closed-loop feed- 
back control that the individual can 
maintain over the various facets of his 
own behavior. Thus the guiding princi- 
ple of cybernetic research design is to 
meters of feedback con- 
trol—that is, to analyze how variations 
in different properties of feedback stim- 
uli affect the efficiency of performance 
and the course of learning. 


investigate para 


In experimental cybernetics, a funda- 
mental distinction is made between 
closed-loop and open-loop operating sys- 
tems. Closed-loop systems readjust them- 
selves continuously by means of their 
inherent capacity to detect directional 
differences. They are self-regulating or 
feedback-regulating systems. Open-loop 
systems would be those with no internal 
feedback regulatory mechanisms whose 
reactions in all cases would be direct 
functions of external stimulating condi- 
tions. 

Closed-loop regulation is analyzed ex- 
perimentally in terms of direct func- 
tional relationships between stimulus 
and response or motor and sensory ac- 
tion, whereas open-loop operations can 
be analyzed and described in statistical 
or probabilistic terms. By virtue of their 
dependence on self-generated sensory 
signals, closed-loop systems operate pri- 
marily in terms of intrinsic relationships 
between responses and sensory processes. 
Thus, closed-loop cybernetic analyses 
are quite different from conventional 


353 


354 EXPERIMENTAL BEHAVIORAL CYBERNETICS 


learning studies, which presumably deal 
only with extrinsic factors or open-loop 
contingencies. 

We are not trying to imply that open- 
loop studies have no place in behavior 
science. It is obvious that much of our 
psychological knowledge has been de- 
rived from just such probabilistic anal- 
yses of the relationships between ex- 
trinsic variables and response variation. 
In many cases, an open-loop analysis is 
the only practicable way to approach a 
problem, particularly when one wishes 
to study the effects of discrete extrinsic 
events over which the organism has no 
immediate control. On the other hand, 
we believe that the interpretation of 
open-loop analyses always should be 
qualified by recognition of the closed- 
loop nature of the behaving system. 


CYBERNETIC CONCEPTS 
OF BEHAVIOR ORGANIZATION 


Our basic hypotheses are that the be- 
having organism possesses the control 
properties of a cybernetic system but, 
as a living system, exhibits flexibility 
and change in patterns of control. The 
basic properties of behaving cybernetic 
systems are: 

1. they generate their own sensitiz- 
ing and directionally oriented move- 
ments 

2. they detect differences between 
such self-generated actions and certain 
targets or standards 

3. dynamic regulation and redirec- 
tion is achieved by feedback control 

4. integration of receptor systems 
and of the multidimensional components 
of response also is achieved by dynamic 
feedback control 


5. control patterns are specialized 


in terms of temporal, spatial, kinetic, 
sampling, and transformational charac- 
teristics of sensory feedback 


Nature of Reflex Action 


The conventional reflex concept im- 
plies an invariant stimulus-response unit 
—a discrete response of an effector re- 
leased by the stimulation of a specific 
receptor. As psychologists have known 
for many years, it is impossible to dem- 
onstrate such invariant behavior in a 
normally functioning organism. Even 
such relatively automatic sensorimotor 
relationships as the regulation of pos- 
ture, breath control, and locomotion are 
far from being invariant, while the more 
articulated patterns of behavior exhibit 
almost infinite variability. 

The cybernetic view of behavior starts 
not with an invariant reflex unit but 
with a reflexive sensorimotor process 
characterized throughout by dynamic 
variation. It is in the nature of the be- 
having system to adjust its output ac- 
cording to its receptor input, but the 
nature of the sensory input is determined 
not just by stimulus events external to 
the organism but by genetically deter- 
mined closed-loop movement mecha- 
nisms intrinsic to the behaving system. 

Receptor action is determined by a 
number of different kinds of self-regulat- 
ing control systems. For example, tremor 
and flick movements of specific receptors 
maintain sensitivity by preventing adap- 
tation. Feedback mechanisms such as 
the pupil of the eye and the tympanum 
and ossicle system of the middle ear ad- 
just input signal intensity and quality. 
Receptor-efferent neurons from the brain 
to the retina, cochlea, and skin act as 
input facilitators and inhibitors and thus 
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modulate the patterning of the afferent 
process. Neurohormonal mechanisms act 
directly on the receptors and on the 
brain to maintain afferent neural or- 
ganization and thus to sustain integrated 
perceptual activity. The many intrinsic 
motor mechanisms not only maintain 
receptor sensitivity, but achieve differen- 
tial perceptual activities in alerting re- 
actions, orientation, and vigilance. 


Differential Neural Action 


A cybernetic system regulates its own 
activity by detecting differences between 
some output condition and a target or 
standard. In the case of the behaving 
individual, the nervous system itself is 
viewed as such a differential detection 
mechanism. Instead of conceptualizing 
nerve cells as linear conduction agents 
which relay impulses from one ending 
or synapse to another, as indicated in 
Figure 14.la, we assume that individual 
neurons act as differential conductors 
that are sensitive to differences in stimu- 
lation between two points, as shown in 
Figure 14.1. Each neuron is thought of 
as being related to two sources of stimu- 
lation at its dendrite endings, and an 
impulse is assumed to be generated only 
when a difference in stimulation exists 
between the two points. 

This view rejects the traditional syn- 
aptic theory which postulates that neural 
integration is achieved by the passing or 
blocking of impulses at the synapse—the 
blank space between neurons. In our 
opinion, there is no evidence that 
changes in synaptic threshold excita- 
bility can occur rapidly enough to ac- 
count for the speed and precision char- 


acteristic of ordinary behavior pattern- 
an in-line conductor such 


ing. Further, a 
sis for dif- 


as a synapse offers no ba 
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Figure 14.1. Synaptic and neuronic inter- 
pretations of neural action. a. The traditional 
synaptic concept. The nervous system is con- 
sidered an in-line conduction network in which 
the synapse can inhibit or facilitate trans- 
mission of impulses. 6. The neuronic interpre- 
tation. Neural action is thought to be initiated 
by stimulus differences at dendrite points. 


ferential cybernetic control. We believe 
that the only way to account for the feed- 
back regulation of behavior is to pos- 
tulate differential neural action by the 
neuron itself. This is a neuronic inter- 
pretation of neural integration as op- 
posed to the traditional synaptic inter- 
pretation. Supporting evidence comes 
from studies indicating the existence of 
direction-specific internuncial neurons 
(that is, neurons which respond to 
movement in one direction) in the visual 
centers of guinea pigs (Smith and 
Bridgman, 1943) and neurons which re- 
spond to differences in direction of stim- 
ulation in the retina of rabbits (Barlow 
and Hill, 1963) and in the visual system 
of frogs (Lettvin et al., 1959) and cats 
(Hubel and Wiesel, 1962). 
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Simultaneous Multidimensional 
Control 


A behaving system not only can move 
in any dimension, but it also can move 
different parts of the body simultane- 
ously in endless patterns of integrated 
motion. To account for response multi- 
dimensionality, the cybernetic interpre- 
tation assumes that different levels of 
feedback control are involved in per- 
formance and learning. We postulate 
separate feedback mechanisms for pos- 
tural, transport, and manipulative con- 
trol and other mechanisms which inte- 
grate the separate components into pat- 
terned behavior. In this view, any re- 
sponse involves integration of cybernetic 
receptor regulation with the different 
component movement systems to deter- 
mine a unified pattern of action. 


Figure 14.2. 
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In general terms, we think of the 
brain as a spatial detector system which 
controls the direction of movements and 
effects simultaneous control of the dif- 
ferent movement components. As shown 
in Figure 14.2, we assume that this 
simultaneous regulation depends on de- 
tection of spatial differences in stimula- 
tion by particular central nervous sys- 
tem neurons. A number of such direc- 
tional detector neurons are represented 
in the drawing as detecting changes in 
stimulation related to head movements, 
to relative movements of the two eyes, 
and to movement of a single eye. 

In our opinion, different neural cen- 
ters contain neurons for different stim- 
ulus-response interrelationships. First of 
all, there is a general differentiation of 
brain function related to the three main 
movement systems. The postural mecha- 


Representation of differential control mechanisms. Different neural 
centers are assumed to regulate different movement s 


ystems and to integrate com- 


anized patterns. (From Smith. The geometry of human 
motion and its neural foundations: II. Neuro; 


basis. Amer. J. phys. Med., 1961, 40, 109-129.) 
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nism dominates phylogenetically older 
levels of the brain stem and matures first 
in the individual. The transport systems 
are represented in newer levels of the 
brain stem, in the cerebellum, and in 
limited regions of the cortex. Most of 
the cortex, which developed last in phy- 
logeny and matures last in ontogeny, is 
given over to mechanisms that regulate 
the fine movements of the hands, feet, 
eyes, and mouth. Thus the precise ma- 
nipulations and verbal articulations that 
characterize human behavior depend on 
a highly differentiated human cortex 
whose individual detector neurons are 
related to specific spatial points on the 
sensory surfaces and other neurons. In 
addition to the primary regulatory cen- 
ters for the different movement systems, 
the brain contains other systems that 
interrelate the main centers and inte- 
grate the different movement compo- 
nents in over-all behavior patterning. 
These assumptions that the brain is 
made up of specific cybernetic neuron 
systems which control sensitivity of the 
receptors, detect directional patterns of 
stimulation, and regulate particular ar- 
ticulated movements of both receptors 
and the skeletal system are supported by 
research on the neural control of pos- 
ture (Dusser de Barenne, 1934) and 
locomotion (Ruch, 1951) and studies on 
the neurophysiology of learning (Culler 
and Mettler, 1934; Lashley, 1944; Mar- 
quis and Hilgard, 1937; Morgan, 1951; 
Smith, 1951; Wing and Smith, 1942). 


Spatial versus Temporal Control 
The cybernetic theory assumes that 
both receptor regulation and control of 
body movements are dependent on the 
ability of individual neurons to detect 
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spatial differences in stimulation. In- 
stead of assuming that one response au- 
tomatically triggers another, as in con- 
ventional learning theory, we believe 
that each response changes the pattern 
of stimuli on the sensory surfaces and 
that succeeding responses are regulated 
according to those spatial patterns. Thus 
a temporal sequence of responses is me- 
diated by response-generated spatial pat- 
terns. In such a view, behavior never 
becomes an automatic, temporally or- 
ganized chain of responses but always 
retains its spatial reference. 

We also believe that the components 
of a multidimensional behavior pattern 
are integrated spatially rather than tem- 
porally. The assumption is that detector 
neurons exist which detect spatial rela- 
tionships between responding members. 
Transport movements are integrated 
with postural movements in terms of 
relative positions, and manipulative 
movements are integrated with transport 
movements in the same way. In such a 
skill as throwing a ball, the fingers re- 
lease the ball at a certain spatial posi- 
tion in the motion pattern and not ac- 
cording to a temporal interval or se- 
quence. 

As we indicated in Chapter 8, we be- 
lieve that the postural and_ transport 
movement systems not only support the 
body and move jts members, but also 
provide a two-dimensional reference sys- 
tem within which finer movements are 
organized. The postural movement sys- 
tem, being regulated principally with ref- 
erence to gravity, is a vertically oriented 
system of reference, while the bilaterally 
organized transport movement system 
provides orientation in the right-left 


dimension. These intrinsic direction- 
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finders provide a frame of reference for 
the more highly articulated focal move- 
ments. 


Flexibility and Change 

The patterns of control in a behaving 
system are never fixed absolutely but 
change in reversible and_ irreversible 
ways throughout life. The important 
irreversible changes are those associated 
with maturation, learning, and aging. 
Through the processes of maturation, 
the individual first gains postural-move- 
ment control then transport control and 
finally manipulative control. From the 
start, behavior is organized and con- 
trolled by spatial differences in stimu- 
lation. This is true even of the first 
mass movements elicited in an unborn 
fetus, although in these first responses 
only the grossest spatial differentiations 
can be observed. For example, a stimu- 
lus on one side of the body will produce 
a different reaction from a stimulus on 
the other side. After birth, the course 
of development is marked by progressive 
refinement of the spatial patterning of 
behavior and the gradually increasing 
importance of learning as a factor in 
that refinement. However, the course of 
learned change depends always on the 
nature of the feedback-control mecha- 
nisms that have developed prior to the 
learning situation. 

It is obvious to everyone that each 
species starts life with somewhat differ- 
ent behavior capabilities, but learning 
psychologists tend to think of these in- 
nate differences in terms of artificially 
separated sensory and motor capacities. 
Thorndike set the pattern for this di- 
chotomy by suggesting that any response 
of which a person is capable can be as- 
sociated with any stimulus to which he 
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is sensitive. This idea that stimuli and 
responses can be isolated and manipu- 
lated separately never has been ques- 
tioned seriously by learning psycholo- 
gists; nor have they felt it necessary for 
learning research to question closely the 
nature of the original reflexes, for they 
have felt that the course of learning is 
defined by events external to the or- 
ganism. 

Because of this emphasis on extrinsic 
experiential factors, learning theory has 
never dealt adequately with primary fac- 
tors of selectivity in behavior—the fac- 
tors that determine more or less specifi- 
cally what an individual will do in a 
given situation regardless of his learn- 
ing background. Suppose, for example, 
you place a year-old infant on the floor 
and roll a small ball toward him. More 
likely than not, the child will grasp the 
ball when it comes within reach. Now 
do the same with a kitten or a puppy: 
The kitten likely will bat the ball with 
a paw and the puppy will seize it in 
its mouth. Differences such as these are 
so obvious that their importance tends 
to be overlooked. They reflect differences 
in the genetically defined behavior or- 
ganization of different species. They not 
only are manifested in the behavior 
of the maturing infant but also define and 
delimit the nature of his learned activity 
throughout life. Thus, learning is not 
imposed on a completely undefined ac- 
tivity base, as is implied by concepts of 
random activity or emitted response, but 
on well-organized, species-defined, sen- 
sorimotor patterns of control. 

A striking demonstration of how 
genetic differences even within a species 
can lead to differences in learning has 
been reported by Jones and Fennell 
(1965). These investigators obtained 
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rats from two different strains—the 
Long-Evans strain used by Tolman and 
his associates in California and a strain 
of black-hooded rats used by Spence and 
his colleagues in Iowa. When rats from 
both strains were tested in a simple u- 
maze, highly significant differences in 
performance and learning were noted. 
The Long-Evans rats spent long periods 
of time in the maze, exploring, sniffing, 
and often retracing their steps. Their 
initial performance times were more 
than twice as long as those of the Spence 
rats, which traversed the maze from 
start to goal in a systematic fashion, 
seemingly almost oblivious of their en- 
vironment. The significance of these 
observations lies in the fact that these 
two strains of rats provided raw data 
for the most prominent schools of 
thought about the nature of learning. 
For thirty years or more, the dispute 
continued between the California Tol- 
man school and the Iowa Hull-Spence 
school—the dispute as to whether learn- 
ing involves perceptual and cognitive 
organization of environmental patterns 
or mechanical associations between 
stimuli and responses. It now appears 
that the great debate of learning psy- 
chology arose from differences in genetic 
make-up of two strains of rats which de- 
termined the initial behaviors brought 
to the learning situations. 

The cybernetic view takes cognizance 
of the fact that early maturation estab- 
lishes receptor-feedback systems which 
regulate afferent sensitivity as well as 
various orientative reaction patterns. 
These control mechanisms define the per- 
ceptual sets which constitute the initial 
behavior in a learning situation. Early 
development also establishes patterns 


359 


of postural and transport action which 
provide a context within which all finer 
movements, including speech, must be 
learned. We assume that these postural 
and transport mechanisms constitute a 
built-in coordinate reference system used 
for the feedback guidance of all move- 
ments in space. From infancy on, the 
individual brings to a learning situation 
these guidance mechanisms for closed- 
loop control along with cybernetic 
receptor activities. Learning is concep- 
tualized as a process of refining and 
extending the patterns of closed-loop 
regulation of response and physiological 
interaction that were established in early 
maturational development. 

In cybernetic theory, learning involves 
changes in the detector neurons and sys- 
tems of receptor and sensorimotor con- 
trol. To become functional early in life, 
such neurons must be activated. To re- 
tain their precision of control, they must 
be reactivated repeatedly. We believe 
that aging involves deterioration of neu- 
ronic control which proceeds more rap- 
idly if the cybernetic control systems 
are not used. Coordinate changes in con- 
trol which persist as learning changes 
or memory are believed to involve bio- 
chemical changes in the neurons them- 
selves rather than the synapses. 

The implication of these ideas is that 
a learning experiment never starts at be- 
havior zero or with a state of equilib- 
rium; it does not even start with random 
activity. It starts with organized pat- 
terns of stimulus-controlled, feedback- 
regulated responses that can change with 

ractice, can become further differen- 
tiated or further generalized, can shift 
in the nature of their movement-compo- 
nent integration or of their mode of 
sensory control, or can be transformed 
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in size or in degree of overtness. Most 
learning involves a specialization of the 
finer manipulative movements within the 
larger transport and postural context. 
To understand the determining condi- 
tions of learning change, we need to 
know something about the feedback in- 
tegration process itself and how feed- 
back-control patterns have become spe- 
cialized in a particular species. 

The most general implication of these 
ideas is that learning is not the principal 
cause of behavior organization, as has 
been assumed by conventional learning 
psychology, but represents modifications 
and refinements of the primary control 
patterns along lines that conform to the 
nature of the cybernetic system. That is, 
we attribute the integrative pattern in 
human behavior to dynamic feedback 
relationships in behavioral and instru- 
mental design that define how man’s 
sensory and motor systems can interact 
in performance. 

Cybernetic concepts shed new light on 
some of the perennial problems of learn- 
ing that are not handled well by con- 
ventional learning theories. For example, 
no theory of behavior organization or 
learning currently in vogue can tell us 
why an animal turns right when a light 
appears in its right visual field, or turns 
left when a bell is sounded to the left. 
Yet such orientation responses or states 
of alertness or postural sets or what you 
will are known to affect subsequent 
learning. Cybernetic theory assumes that 
such sets involve integrated postural- 
transport motion patterns for which ge- 
netically defined mechanisms are availa- 
ble. An animal or individual orients to- 
ward a specific stimulus because it has 
direction-specific neurons that react to 
spatial differences in stimulation. Such 
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directional behavior patterns set the 
stage for the focal activities involved in 
learning and provide a spatial reference 
system within which discrete responses 
and manipulative patterns are estab- 
lished. 

Another problem concerns the nature 
of equivalence in learning and memory. 
Whenever we try to define conditions of 
generalization, differentiation, transfer, 
or interference, we are caught up short 
by problems of stimulus and response 
similarity and equivalence. In Chapter 
16, we shall describe attempts to analyze 
similarity and equivalence not in terms 
of stimulus factors or response factors 
alone but in terms of feedback relation- 
ships that characterize stimulus-response 
interactions. 

A third problem is to explain the posi- 
tional effects that are noted in serial 
learning. As we indicated in Chapter 2, 
we think that the serial position curve 
can be interpreted more meaningfully 
in terms of spatial patterns and boun- 
daries than in terms of conventional 
temporal association concepts. We be- 
lieve that these and other problems of 
learning will be clarified by an under- 
standing of the sensory-feedback mecha- 
nisms of patterned response. 


RESEARCH METHODOLOGY 


Experimental cybérnetics deals with 
four related areas of research: 

1. receptor cybernetics, dealing 
with the mechanisms that regulate re- 
ceptor action 

2. studies of the integration of sen- 
sorimotor-feedback systems by varying 
the space and time properties of feed- 
back signals 


3. studies of psychophysiological- 
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feedback interactions between internal 
and somatic systems 

4. analyses of transformations of 
feedback control as involved in the use 
of instruments, symbolic rules, and so- 
cial mechanisms 
This last area provides a new approach 
to the study of cognitive behavior. 

In cybernetic research, we try to break 
into a sensory-feedback loop by means 
of which the individual is controlling a 
pattern of behavior in order to produce 
systematic variations in some property 
of the feedback signal. In this way, we 
establish quantitative relationships be- 
tween patterns of response and charac- 
teristics of the controlling feedback proc- 
ess. The efficiency of performance as 
well as the rate and upper limit of learn- 
ing are studied in relation to different 
parameters of feedback control. Thus, 
we do not study learning by manipulat- 
ing the temporal relationships of ex- 
ternal stimuli or the contingencies of re- 
inforcement as in conventional learning 
experiments but by varying properties 
of the feedback patterns generated by 
performance. 

The types of feedback variation that 
have been studied most extensively are 
spatial displacement and temporal delay. 
The simplified diagram in Figure 14.3 
illustrates the principle involved with 
relation to visually controlled behavior. 
The subject performs some task, such 
as tracing a pattern, with a displacing 
or delaying device inserted between his 
movements and his eyes. The top dia- 
gram indicates how a prism can be used 
to invert the visual feedback pattern 
while the lower diagram indicates the 
use of a delay system to insert a tem- 
poral interval between the subject's 
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Figure 14.3. Basic methodology of feedback 
research. a. Delaying visual feedback by a 
delay system. b. Spatial displacement of visual 
feedback by an inverting prism as used by 
Rhule and Smith (1959b). (From Smith. Sen- 
sory feedback analysis in medical research: 
I. Delayed sensory feedback in behavior and 
neural function. Amer. J. phys. Med., 1963, 
42, 228-262.) 


movements and his perception of those 
movements. 

Optical methods of displacing the 
visual field have been in use since Strat- 
ton (1896, 1897, 1899) carried out his 
studies almost seventy years ago. Dif- 
ferent types of experimental spectacles 
and prism arrangements have been de- 
signed to invert, reverse, or rotate the 
visual field or to displace the line of 
sight. Mirrors have been used to displace 
the locus of vision and to displace the 
visual field in various ways. 

The first controlled experiments (Lee, 
1950a, 1950b, 1951) on feedback delay 
used the experimental technique shown 
in Figure 14.4. To delay the auditory 
feedback of speech, the individual is 
fitted with special headphones which ex- 
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Figure 14.4. Standard method of delaying 
the auditory feedback of speech. The speech 
pattern is recorded on audio-tape and played 
back to the subject’s ears after a controlled 
delay interval. (From Smith. Sensory feedback 
analysis in medical research: I. Delayed sen- 
sory feedback in behavior and neural function. 
Amer. J. phys. Med., 1963, 42, 228-262.) 


clude almost all air-borne sounds except 
those that are transmitted via the phones. 
The subject then speaks into the micro- 
phone of a magnetic tape recorder which 
stores the recorded speech pattern for a 
specified delay interval, typically a frac- 
tion of a second. After the delay, the 
recorded sounds are played back to the 
subject’s ears as delayed auditory feed- 
back. The intensity usually is raised 
somewhat above that of normal speech 
in order to mask bone-conducted sound 
which, of course, is not delayed. Similar 
audio-tape techniques are used to delay 
the auditory feedback from other sound 
producing movements, such as tapping 
and playing musical instruments. 


Closed-Circuit Television 
Techniques 

The photograph in Figure 1.5 illus- 
trates one of our experimental closed- 
circuit television set-ups which have 
been used in many experiments to dis- 
place the visual feedback of handwriting, 
alignment reactions, positioning reac- 
tions, tracing, and the like (Smith and 
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Smith, 1962). This method permits 
precise control of the amount and 
dimensions of displacement and thus 
provides comparative data concerning 
the differential effects of different spa- 
tial variations. 

Our basic technique is to use closed- 
circuit television chains, as illustrated, 
to provide the individual wih a sub- 
stitute visual feedback of his own per- 
formance. In this procedure, the sub- 
ject cannot see his performance directly 
but must guide his motions by watching 
them in a television monitor. The feed- 
back image is provided by a television 
camera and can be altered experimen- 
tally in various ways by changing the 
position of the camera, the lenses used 
on it, or its electronic circuits. The 
image can be inverted, reversed, rotated 
angularly to any desired degree, or dis- 
torted in size. The locus of vision can 
be displaced by moving the camera to 
any position desired, much as if the eyes 
were removed from the head and lo- 
cated, still functioning, at some new 
position relative to the body. 

We also have adapted television 
methodology to analyses of temporal 
characteristics of the feedback process 
in experiments on delayed visual feed- 
back. Experimental manipulation of the 
intrinsic temporal relationships of re- 
sponse was achieved first with the audio- 
tape recording method described above, 
used to delay the auditory feedback of 
speech and other sound-producing mo- 
tions. We have used a comparable 
method to study delayed visual feed- 
back. A televised image of the subject’s 
performance is recorded on video-tape 
and then presented to him on the tele- 


vision monitor after a controllable delay 
interval. 
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Computer Methods 
in Experimental Cybernetics 


High-speed digital computers can be 
used in specially designed closed-loop 
cybernetic systems to control many dif- 
ferent properties of sensory feedback 
from diverse response patterns (Smith, 
Ansell et al., 1964; Smith, Mysziewski 
et al., 1963). For such purposes, we 
program the computer to manipulate 
electronic signals related to feedback 
variables. Figure 14.5 shows the steps 
involved in studying the effects of per- 


Figure 14.5. Diagram of the components in 
a computer-controlled system for feedback re- 
search, The sounds made by the piano are 
converted to digital form, manipulated by the 
computer, and reconverted to sound waves at 
the ears of the performer, who thus plays the 
instrument while hearing experimentally per- 
turbed auditory feedback. 
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turbing the auditory feedback of piano 
playing. In this set-up, the sounds pro- 
duced by the piano are picked up by a 
microphone located nearby and trans- 
duced to electronic signals which then 
are converted to digital signals. The 
computer accepts these signals and per- 
turbs them according to its programed 
instructions. For example, the signals 
can be time-sampled, samples can be in- 
verted, or the form of the sound signal 
can be transformed. After the computer 
operations, the signals are transmitted 
to a digital-analog converter to be re- 
converted into continuous form, after 
which the electrical signal is put into 
usable auditory form at the ear of the 
subject. As indicated on the diagram, a 
tape recorder can be used to obtain a 
permanent record and to insert extrinsic 
auditory effects into the feedback loop 
if desired. 

Figure 14.6 gives a diagrammatic in- 
terpretation of how analog-to-digital 
and digital-to-analog conversions are 
achieved in the case of closed-loop con- 
trol of auditory speech feedback. The 
block diagram atttached to the micro- 

hone indicates how the continuous elec- 
trical signal of the sound is received by 
the converter and scanned at a sampling 
rate of around eight thousand samples 
per second. Each of the lines interrupt- 
ing the continuous sine wave represents 
a voltage measurement made by the con- 
verter. Each of these samples is trans- 
mitted to the computer as a discrete 
electrical signal. Reconverting the digital 
signals after they have been varied by 
the computer is a reverse process. In 
this case, the digital-analog converter 
sums electrical values to equal a given 
digital signal coming from the computer. 
A sequence of voltage values then is 
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by reading out at a point spatially separated from the write-in point. 


smoothed into a continuous wave form 
that can be amplified and sent to the 
headphones. 

Figure 14.6 also represents diagram- 
matically how the computer itself can be 
used to delay a feedback signal. If we 
consider the memory system of the com- 
puter as a series of magnetic points into 
which we can write in and read out in- 
formation, we can think of the process 
of delaying a computer signal as one of 
reading out a signal at some point re- 
moved in space from the point at which 
it was written into the computer core. 
This is represented in the diagram in 
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Some of the conversion Processes used in computer-controlled 
h. The analog-digital converter represents a continuous wave in 
while the digital-analog converter sums these 
nal. The converter can delay a feedback signal 


the form of a circular disk at the center 
of the computer. A short delay would in- 
volve reading out a signal at a point 
only a short distance removed from the 
write-in point, while a long delay would 
involve a greater distance. 

Computer methods provide a revolu- 
tionary approach to feedback research 
because of their nearly unlimited possi- 
bilities in controlling the cybernetic 
process. Figure 14.7 suggests some of 
the different types of feedback perturba- 
tion that can be programed through the 
computer for feedback analysis of such 
skills as handwriting, drawing, and trac- 


Research Methodology 


Delay 

Space Displacement 

Kinetic Modulation 

Signal Distortion 

Sampling 

Feedback 
Transformation 

Symbolic 
Transformation 

Pacing 

Signal Mixing and 
Feedback Integration 

Physiological 
Feedback Perturbation 

Signal Control 


Motion Pattern 


Figure 14.7, 
in a computer-controlled system. 


ing. Furthermore, the computer system 
can be used not only to produce these 
different types of feedback variation but 
also to make accurate comparisons be- 
tween these different forms of perturba- 
tion and their effects on the patterns of 
performance. In addition, the computer 
can be programed to monitor, regulate 
and calibrate a series of experimental 
trials at the same time that it is con- 
trolling the feedback process. 

Figure 14.8 reproduces the first three 
and the last three records of a series of 
forty trials in which a subject was try- 
ing to maintain a steady alignment of 
a needle cursor with a line indicator by 
means of visual feedback that was de- 
layed 0.8 second.—The top line of each 
series shows the computer-controlled 
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Motion Transducer 


Different parameters of feedback perturbation that can be studied 


oscillograph display which the subject 
used as a visual-feedback source. Also 
shown on this line are solid black sig- 
nals which the computer generated as 
warning signals. The bottom line in each 
record is the input signal from a stick 
control which is identical with the top 
record except for the warning signals. 
The middle record of high frequency 
waves is the differentiation of the hand 
motion record and indicates the velocity 
of all the movements made. It can be 
seen that each trial is preceded by four 
warning signals. The first two warn the 
subject that the computer is going to 
run a calibration on the zero setting of 
the system and that he should keep his 
hands off the control stick. After the 
calibration is run, the third and fourth 
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Figure 14.8. Records of manual alignment 
motion with a visual feedback delay of 0.8 
second. The top line of each record, which 
provided the feedback display, shows com- 
puter-generated signals which indicated a cali- 
bration and the beginning of a trial. The 
middle line represents movement velocity and 
the bottom line is the movement input. 


signals warn the subject that a trial is 
about to begin. After ten trials, the ma- 
chine prints out a longer signal that the 
experimental run is at an end. 


Physiological Perturbations 
of Somatic Control 


Among the various kinds of computer- 
controlled perturbations indicated in 
Figure 14.7, we wish to call particular 
attention to physiological feedback per- 
turbation, for this technique provides a 
new way of analyzing the effects of in- 
ternal physiological _ states, including 
emotional states, on overt behavior, 

By physiological perturbation, we 
mean the variations introduced into so- 
matic movements by actions of the inner 
organic systems. These internal actions 
may produce excessive tremor, a qua- 
very voice, or even movements that keep 
time with the pulse rate. For example, 
when a person crosses one leg over the 
other while sitting still, the foot may 
bob with the heart beat. In ordinary 
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skilled behavior, the individual compen- 
sates for these disturbances to some ex- 
tent in his control patterns. 

With sensitive recording techniques, 
we can demonstrate that hand move- 
ments, head movements, and breath con- 
trol are being perturbed continuously by 
the heart pulse and breathing rhythm. In 
order to analyze control of breath pres- 
sure, we give the subject a visual feed- 
back display indicating the pressure he 
is exerting on a pneumatic recording 
tambour held between the lips. He at- 
tempts to maintain a constant pressure 
by watching a needle cursor that moves 
around a constant indicator line. In 
some cases, the heart pulse is seen 
clearly in the breath-control record, as it 
may be in records of hand alignment or 
other bodily movements. Also, breathing 
movements often produce discernible 
variations in other movement systems 
which may show up in tremor records 
such as those in Figure 14.8. 

Inasmuch as the direct effects of heart 
and breathing action are not consistently 
clear in visual-feedback displays of 
movement, we use the computer to en- 
hance the visible effects. That is, we can 
record the heart pulse and breathing 
movements of a performing subject and 
admix a visual indication of these in- 
ternal actions with the visual-feedback 
indication of breath control, hand align- 
ment, or other movement. We then can 
analyze the subject’s ability to compen- 
sate for these perturbations in control- 
ling his movements. 

The ultimate objective of such experi- 
ments on physiological perturbation is 
to investigate how emotional reactions 
and other internal events may be in- 
volved in feedback regulation of somatic 
tesponse. We believe that both neural 
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and mechanical interactions between in- 
ternal and external activities are in- 
volved. The possibility also exists that 
various feedback effects of somatic be- 
havior can modify the actions of the 
internal organs and musculature. Some 
such effects are assumed to provide the 
basis of psychosomatic disorders. Com- 
puter techniques of feedback research 
provide a distinctive new experimental 
approach to the study of organic-somatic 
interactions and may in time produce 
new ideas about how the internal effects 
of emotion and stress can be controlled 
by performance and learning. 


DELAYED SENSORY FEEDBACK 


The experiments to be described in 
the rest of the chapter support our point 
of view that perceptual-motor behavior 
is organized, learned, and retained ac- 
cording to spatial patterns rather than in 
temporal sequences. Two types of evi- 
dence will be presented. In this section, 
we shall show that the intrinsic temporal 
relationships of stimulus and response 
are very rigidly defined so that organ- 
ized behavior breaks down if the feed- 
back interval is delayed artificially. This 
indicates that behavior flexibility and 
learning do not depend on various tem- 
poral arrangements or rearrangements 
of stimuli and responses, for the intrin- 
sic temporal factors are relatively fixed 
for every type of movement and permit 
little or no variation. In the next section, 
we shall show that performance varia- 
bility and the course of learning are re- 
lated directly to spatial relationships 
between the individual and his sensory- 
feedback patterns. 

The effects of delayed sensory feed- 
back on behavior integration were ob- 


served first not under controlled experi- 
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mental conditions but in relation to cer- 
tain human engineering problems in 
World War II, as described in Chapter 
7. The nature of the problem was not 
defined clearly at that time, but experi- 
mental analyses of tracking carried out 
after the war confirmed the idea that 
any kind of feedback delay is detri- 
mental to performance (K. U. Smith, 
1962). 

Controlled experimental analyses of 
delayed feedback include research on 
delayed auditory feedback of speech and 
other sound-producing motion, studies 
of delayed visual feedback of the graphic 
trace of handwriting, our own research 
on delayed pictorial feedback by means 
of closed-circuit television and video- 
recording techniques, and more recent 
studies of computer-controlled delay of 
both visual and auditory feedback. In 
all of these cases, the results of an arti- 
ficial delay in the feedback process were 
strikingly similar. Under such condi- 
tions, the organization of behavior 
breaks down and the individual finds it 
difficult or impossible to carry out or- 
dinary performances. 


Experimental Techniques 

In most of our television studies of 
delayed feedback (K. U. Smith, 1962), 
we used one video-tape recorder to 
record the image of a task and then, by 
switching the recorder to playback, to 
transmit the delayed image to the sub- 
ject’s monitor after the task has been 
completed. This procedure is not di- 
rectly comparable to the audio-tape tech- 
niques of studying delayed auditory 
feedback, where an audio recording head 
and a playback head are used simul- 
taneously to delay a speech pattern for a 
fraction of a second and then to present 
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it to the subject’s ears while he con- 
tinues to speak. 

A limited series of observations was 
carried out with two video recorders, as 
diagramed in Figure 1.6 (W. M. Smith 
et al., 1960). The subject carried out 
various writing and drawing tasks on a 
handwriting motion analyzer while 
watching a feedback image which was 
delayed by a constant interval of ap- 
proximately a half second. These were 
the first observations made of perform- 
ance proceeding concurrently with de- 
layed pictorial feedback of motion. 

We devised one further television 
technique to study some of the effects of 
delayed pictorial feedback—in this case 
a technique of simulating a feedback 
image. We arranged a dual closed- 
circuit television system in which a 
trained observer reproduced the sub- 
ject’s manual movements for televised 
presentation after various delay inter- 
vals. The subject was not informed about 
the actual procedure but was told that he 
would see in his monitor an image of 
his own movements delayed electron- 
ically. Wearing a white glove and black 
arm cover, ostensibly to provide good 
visual contrast, he began to trace a 
paper-and-pencil maze on his easel. An 
image of the maze could be seen in his 
television monitor and, after a specified 
delay interval, a white-gloved hand and 
black arm appeared there reproducing 
the movements that the subject had just 
made. The observer-reproducer who ac- 
tually was making the movements 
watched by the subject did so by watch- 
ing a televised image of the subject’s 
performance. He started his feedback 
reproduction either after a short delay 
of one to two seconds, which was as soon 


as he could react accurately to the sub- 
ject’s movements, after the subject 
had completed half the maze, or after the 
subject had concluded his performance. 

Other controlled experiments on de- 
layed visual feedback have been carried 
out by van Bergeijk and David (1959) 
and Kalmus et al. (1960) with devices 
that permitted delay of the graphic 
trace of handwriting or drawing. In 
these experiments the subjects saw not 
their own hands performing writing 
tasks, but a delayed graphic trace of the 
letters or symbols that they were form- 
ing with a stylus. 


General Effects 
of Delayed Feedback 


The most general result of experi- 
mentally delayed sensory feedback is a 
serious disturbance of behavior pattern- 
ing amounting in some cases to a com- 
plete breakdown of performance. In 
addition, increased tension and emo- 
tional disturbances usually are observed. 

When the auditory feedback of speech 
is delayed, the speech pattern slows 
down, increases in intensity and pitch, 
and shows serious disturbances in articu- 
lation described as an artificial stutter 
(Black, 1951, 1954; Chase, Harvey et al., 
1961; Chase et al., 1959; Fairbanks, 
1955; Lee, 1950a, 1950b; Rawnsley 
and Harris, 1954.) . Many errors occur, 
including additions, omissions, and sub- 
stitution of words and syllables (Fair- 
banks and Guttman, 1958). Analogous 
disturbances have been produced by de- 
laying the auditory feedback of other 
sound-producing movement _ patterns, 
such as whistling, playing musical in- 
struments, tapping wireless signals, and 
handicapping (Chase, Harvey et al., 


Delayed Sensory Feedback 


1961; Chase, Rapin et al., 1961; Kal- 
mus et al., 1955; Lee, 1950b) . 

Delaying the graphic feedback of 
handwriting and drawing produces ef- 
fects very similar to those observed with 
delayed speech (Kalmus et al., 1960; 
van Bergeijk and David, 1959). Per- 
formance slows down and becomes dis- 
organized, and errors are introduced. 

Our own observations on the effects of 
delayed pictorial feedback concurrent 
with performance were carried out on 
two subjects, each of whom performed 
nine writing tasks including writing the 
letters of the alphabet, two nonsense 
syllable tasks, two word tasks, star trac- 
ing, drawing simple geometric forms, 
tracing a paper maze, and dotting 
circles. Introducing the delay seriously 
disturbed all tasks and made some of 
them next to impossible to perform. 
Localizing movements had but poor suc- 
cess, while tracing movements that nor- 
mally are fast, smooth, and highly pre- 
cise became erratic and jerky regardless 
of all attempts to control them. Hand- 
writing of either novel or familiar ma- 
terial was severely degraded and in some 
cases completely illegible but in general 
suffered far less than the tracing oF 
localizing performances. The difference 
here was between tasks that required 
the subject to conform to visual patterns 
and tasks in which the patterns could 
be controlled by learned symbolic pat- 
terns. In drawing familiar forms and 
writing letters and syllables, it is very 
likely that the subjects mitigated the 
effects of the visual delay by shifting to 
some extent to tactual and kinesthetic 
control. 

Figure 14.9 plots the relative dura- 
tions of contact and travel movements in 
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the different tasks under the three view- 
ing conditions. The values represented 
by the bars were calculated by letting 
the movement times with normal direct 
feedback equal one, and expressing the 
movement times with nondelayed tele- 
vised feedback and delayed televised 
feedback as ratios of the base value. 
Whereas the time needed to draw simple 
forms was affected very little by the de- 
lay and the time needed to form letters, 
syllables and words was only about 
doubled or tripled, the time required for 
tracing and dot location increased five- 
fold with delayed feedback over non- 
delayed televised feedback. That is, 
movements which required either con- 
tinuous visual control or precise loca- 
tion were affected far more by the delay 
than tasks that can be carried out with 
a minimum of visual guidance. Travel 
movements were retarded far less than 
the contact movements. 

Analysis of movement times for differ- 
ent letters of the alphabet revealed a re- 
lationship between the effects of delay 
and spatial complexity. In general, those 
letters that take longest to write nor- 
mally were slowed down relatively more 
by delayed feedback. That is, the incre- 
ment in movement time showed a re- 
liable tendency to be proportional rather 
than constant. This relationship supports 
our contention that a skill such as hand- 
writing is regulated continuously by 
sensory-feedback _ patterns. When the 
timing of the regulatory stimuli was in- 
terrupted, the magnitude of the resulting 
disturbance varied with the spatial com- 
plexity of the response. The general con- 
cept of temporal association of unit re- 
sponses would predict no such relation- 
ship. 
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Figure 14.9, Relative durations of 
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Quantitative Functions 


of Delay Magnitude 


Considerably more quantitative data 
are available on the effects of delayed 
auditory feedback than delayed visual 
feedback. Fairbanks (1955) analyzed a 
number of different characteristics of 
speech as functions of delay magnitude, 
using intervals of 0.1, 0.2, 0.4, and 0.8 
second. He found that speech duration 
and number of speech errors both in- 
creased with delayed feedback, while 
words per second and correct words per 
second decreased. The greatest disturb- 
ance was found with delays of 0.2 sec- 


writing, drawing, dotting, 
nondelayed televised feedback, and 


: Saunders, 1962.) 


and tracing move- 


ond. The intensity and pitch of speech 
also increased as a result of feedback 
delay but changed little as the magnitude 
of delay was varied. Chase et al. (1959) 
also found a maximum disturbance in 
correct word rate with a delay interval 
of somewhat more than 0.2 second. 
Their data are compared with Fair- 
banks’ data in Figure 14.10. We ob- 
tained a similar function for disturbance 
in playing a musical instrument _ 
various delay intervals programe 
through a digital computer. 

As yet no peaking functions have en 
Teported for delayed visual feedback. 
Van Bergeijk and David (1959) re 
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Figure 14.10. Correct words per second as 
a function of magnitude of feedback delay. 
(Redrawn from Fairbanks. Selective vocal 
effects of delayed auditory feedback. J. speech 
hear. Dis., 1955, 20, 333-346; and from Chase 
et al. Sensory feedback influences on motor 
performance. Communications Lab., Columbia 
Univ. and Dep. Biometrics Res., State of N.Y., 
Res. Report, 1959.) 


ported increases in duration and errors 
of writing and decreases in neatness 
with increases in delay magnitude up to 
0.52 second, but no peak effects were 
found within that range. Our study of 
computer-delayed visual feedback of a 
manual alignment task, illustrated by the 
records in Figure 14.8, indicated that 
performance became generally more in- 
accurate as delay intervals were in- 
creased. Some subjects exhibited almost 
complete loss of control with delays ex- 
ceeding two seconds. 

We found some effects related to delay 
magnitude in the experiment on simu- 
lated delayed feedback in which the task 
was to trace a path through a paper-and- 
pencil maze. The maze pattern was 
blocked off into a series of areas and 
each trial was scored by counting the 
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number of areas entered. Four subjects 
performed at each of the delay intervals 
—short, half-task, or full-task. Each sub- 
ject completed five trials in each of three 
practice periods two days apart. 

The tracings indicated that little im- 
provement in control resulted from prac- 
tice. Subjects who performed with con- 
current delayed feedback (that is, after 
a short delay) showed a jerky, erratic 
pattern of motion whereas the subjects 
who performed blind during half or all 
of the task in general executed a 
smoother but less accurate pattern. The 
concurrent delayed feedback provided a 
rough means of controlling accuracy that 
was not available with the longer de- 
lays. A subject performing with a short 
delay interval would make a jerky move- 
ment and then wait for the televised im- 
age to catch up before he moved ahead. 

The accuracy of performance as a 
function of delay interval is indicated by 
the graphs in Figure 14.11. The sub- 
jects performing with a short delay were 


Figure 14.11. Tracing precision as a func- 
tion if delay magnitude, (From Smith. Delayed 
sensory feedback and behavior. Philadelphia: 
Saunders, 1962.) 
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able to follow the maze with far greater 
precision than the groups given a longer 
delay. Also the subjects performing with 
half-task delay were able to perform 
more accurately than those with full- 
task delay. The feedback image appear- 
ing halfway through the task enabled the 
subjects to make some gross adjustments 
in their orientation that bettered their 
scores somewhat. 

In our computer-controlled study of a 
manual alignment task, we obtained rec- 
ords of motion with a number of differ- 
ent magnitudes of feedback delay. These 
findings confirmed our prediction that 
the spatial pattern and integration of a 
response will change as delay magni- 
tudes are varied. 


Adaptation to Delayed Feedback 


Available evidence indicates that little 
or no learning occurs under conditions 
of delayed feedback except in some 
simple tasks. When adaptation does oc- 
cur, it is in the nature of a movement 
reorganization, for the individual is un- 
able to pattern his behavior in the same 
way with delayed feedback as with nor- 
mal feedback timing. 

The experiment on simulated feedback 
described above provides some evidence 
for this general conclusion. The ac- 
curacy of performance in the three suc- 
cessive practice periods is shown in 
Figure 14.12. Statistical analysis showed 
that variance related to days of practice 
was not significant, 

Further evidence comes from a series 
of studies carried out on blind perform. 
ance followed by consecutive delayed 
feedback. The technique here, as de- 
scribed earlier, is to use one video-tape 
recorder to record a televised image of 
a performance and then to play it back 
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Figure 14.12. Tracing precision as a func- 
tion of days of practice. (From Smith. Delayed 


sensory feedback and behavior. Philadelphia: 
Saunders, 1962.) 


to the subject’s television monitor after 
the task has been completed. The sub- 
ject does not get a concurrent delayed 
feedback image during the period of ac- 
tual performance; he performs a task 
blind and sees a delayed picture of his 
movements only after he has stopped 
performing. Results of studies on maze- 
tracing and star-tracing indicated only 
the most haphazard performance and 
little, if any, learning. That is, even 
though the subject was given complete 
pictorial knowledge of results of what 
he had done less than a minute before, 
he was unable to use that knowledge to 
improve future performance beyond the 
most limited change. 

Computer studies of delayed visual 
feedback of alignment movements sug- 
gest that individuals made some adapta- 
tion to delay in this simple task. How- 
ever, performance with delay was not as 
stable as with normal vision. 

The literature on delayed auditory 
feedback includes a number of studies 
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of adaptation to speech delay, either 
during a single exposure period or 
throughout a series of exposures. The 
results of these studies are variable and 
inconsistent, but provide no evidence 
that an individual can relearn his nor- 
mal speech coordinations using the de- 
layed auditory signals. However, sub- 
jects who speak or read during repeated 
exposures to delayed feedback usually 
make a limited adjustment, shown both 
by decreased reading time and by in- 
creased accuracy. Goldiamond et al. 
(1962) reported that subjects sometimes 
“solve the problem of delayed feedback” 
by lowering their voices, “spitting out” 
the words, or reading without normal in- 
flection. It seems clear from available 
evidence that individuals never truly 
adapt to delayed speech, although they 
may learn to ignore it and get along 
without air-borne feedback. 

Studies completed in our laboratory 
indicate that the learning and retention 
of the content of verbal material are 
affected adversely by auditory-feedback 
delays of 0.15 to 0.3 second. That is, 
subjects neither can learn to use the de- 
layed signals to control their perform- 
ance nor can they learn new material 
efficiently when practicing it under de- 
layed feedback conditions. 


Theoretical Significance 
of Delayed-Feedback Research 
Although the effects of delayed sen- 
sory feedback have been known for 
nearly two decades, their full theoretical 
significance still is not universally ap- 
preciated. These findings are of greatest 
import for learning theory: (1) the 
temporal S-R relationship in particular 
responses cannot be varied in a flexible 
way and still serve to maintain the or- 


ganization of the movements; (2) the 
over-all spatial patterning of movement 
changes with the magnitude of the de- 
lay; (3) any adaptation to delay condi- 
tions that occurs involves integrative 
changes in response patterning and con- 
trol. 

There is nothing in reinforcement 
learning theory that would predict these 
facts. As we noted in Chapter 8, studies 
of the time relationships between re- 
sponses and reinforcers have shown that 
the effectiveness of a reinforcement is 
greatest when it appears immediately 
and thereafter begins to fall off. How- 
ever, the decline in effectiveness is not 
a function of a few milliseconds but 
has been plotted over many minutes, 
whereas feedback delays shorter even 
than reaction time have disastrous ef- 
fects on performance and learning. 


SPATIALLY DISPLACED 
SENSORY FEEDBACK 


When Stratton (1896, 1897) donned 
experimental spectacles to spend a few 
days of his life in an inverted world, he 
hoped to provide definite proof or dis- 
proof of Helmholtz’s hypothesis that 
space perception is learned—that the 
world appears to be upright because we 
learn that it is upright. His results were 
equivocal. In many ways he adapted to 
the displaced visual feedback, but his 
adaptation was variable and incomplete, 
as was the adaptation of subjects in later 
experiments by Ewert (1930), Peterson 
and Peterson (1938), Snyder and 
Pronko (1952), and Kohler (1955). 
All of these experimenters, along with 
Wooster (1923), Brown (1928), Cox 
(1928), and Siipola (1935), reported 
convincing evidence that individuals can 
learn to perform specific tasks under 


374 


widely varying visual displacements. 
Further, the specific coordinations 
learned under unusual spatial conditions 
of visual feedback were retained almost 
perfectly without further practice for 
months and even years (Peterson and 
Peterson, 1938; Snyder and Snyder, 
1957). However, the observed adapta- 
tion to displaced vision was not an all- 
or-none effect but a process that varied 
in rate and final level according to the 
nature of the displacement and the na- 
ture of the performance. 

Although these earlier studies of dis- 
placed vision accumulated a large body 
of data, few final conclusions could be 
drawn from them because of variations 
in devices and procedures. In this re- 
spect our closed-circuit television tech- 
niques offered definite advantages. We 
were able to displace the visual feedback 
of performance in any desired dimen- 
sion independently of other aspects of 
the performance situation. We could in- 
vert, reverse, both invert and reverse, 
rotate the field of vision, or displace the 
locus of vision in any plane. Thus direct 
comparisons could be made of perform- 
ance and learning under different feed- 
back conditions, and learning functions 
could be determined relative to con- 
trolled variations in geometric displace- 
ment. 

In extending Stratton’s experiment, we 
not only refined the experimental tech- 
nique but also revised the theoretical 
base. Whereas Stratton was trying to de- 
termine whether or not space perception 
is learned, our interest is in defining 
how performance and learning vary 
with variations in the geometric rela- 
tionships between movements and their 
dynamic sensory feedback (Smith and 
Smith, 1962). 
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Inverted and Reversed Vision 


One group of experiments were de- 
signed to determine the relative effects 
of inversion, reversal, and combined in- 
version and reversal of visual feedback. 
Certain prior assumptions were based on 
our general theory of movement or 
ganization which postulates two built-in 
reference mechanisms for the sensory- 
feedback regulation of behavior, one re- 
lated to the postural system and the 
other related to the bilateral mechanisms 
of dynamic transport movement. We be- 
lieved that disturbing the more primitive 
postural mechanism—the up-down ref- 
erence system—would have more detri- 
mental effects than disturbing the right- 
left transport mechanisms. Consequently 
we predicted that visual inversion would 
produce a greater initial disturbance 
than visual reversal and that the final 
level of learning would be less with in- 
version than with reversal, We predicted 
that the combined inversion-reversal 
condition would be somewhat less dis- 
turbing than inversion alone, inasmuch 
as the field relationships would be the 
same as in normal vision but rotated 
180 degrees. 

In order to carry out controlled stud- 
ies on the effects of these various dis- 
placement conditions, we modified the 
electronic circuits of a television camera 
so that the televised image can be re- 
versed or inverted instantaneously by 
throwing an appropriate switch. Throw- 
ing both switches together gives com- 
bined inversion-reversal. Figure 14.13 
indicates the nature of the feedback 
variations in an experimental situation. 
The subject here is shown writing 4 
word while the television camera is giv- 
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feedback (upper right), and inverted- 
reversed feedback (lower right). 
Learning under these four different 
feedback conditions was studied in an 
experiment on tracing @ four-pointed 
grooved star with numerous culs-de-sac 
along its pathways to prevent tactual 
guidance. Time and errors of perform- 
ance were recorded by an electronic 


behavior-recorder attached to the star. 
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Four groups of eight subjects each 
traced the star twenty-four times per 
day for four days, each group with a 
different feedback condition. 

Learning curves showing the differ- 
ential effects of the different visual dis- 
placements are shown in Figure 14.14. 
Each point represents the mean score for 
eight consecutive trials. The data show 
that the course of learning varied sys- 
tematically with displacement condi- 
tions and confirm our predictions con- 
cerning the relative difficulty caused by 
the different experimental displacements. 
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Figure 14.14. Learning curves for tracing a 
four-pointed star with four different conditions 
of visual feedback. (From Smith and Smith. 
Perception and motion: an analysis of space- 
structured behavior. Philadelphia: Saunders, 
1962.) 


In this star-tracing task, subjects per- 
formed and learned equally well with re- 
versed feedback as with normally ori- 
ented televised feedback. Statistical 
analyses confirmed that the improvement 
due to practice was significant for all 
conditions, with the greatest number of 
significant changes occurring in the in- 
version curve and the next greatest in 
the inversion-reversal curve. 

Our original assumptions were that 
effectiveness of performance and learn- 
ing with displaced feedback would de- 
pend on the nature of the task as well as 
on the nature of the displacement. Spe- 
cifically, we predicted that motions of 
greater spatial complexity and precision 
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would be disturbed more and learned 
less effectively in an unusual visual field 
than less complex or less precise mo- 
tions. This prediction has been con- 
firmed in a number of studies. 

A major question raised by all studies 
of displaced vision but never answered 
conclusively is whether adaptation is 
ever complete. Our assumption was that 
the final level of performance reached in 
learning to respond to different displace- 
ment conditions would depend both on 
the displacement and the performance 
being studied. The curves in Figure 
14.15 show movement times for hand- 
writing tasks during extended training 
in an inverted visual field. Even after 
twenty days, the contact movement times 
in the more complex tasks had not 
reached the normal level. There was still 
a definite spread among the different 
tasks that showed no signs of disappear- 
ing. On the twentieth day, variation in 
contact times related to different tasks 
was statistically significant. These re- 
sults are in keeping with the findings of 
prior studies which indicated that only 
the simplest tasks can be learned to 


normal levels of efficiency in an inverted 
visual field. 


Angularly Displaced Feedback 
There are many ways in which visual 
feedback can be displaced spatially other 
than inversion or reversal. The entire 
frontal field can be rotated to any angle, 
the line of sight can be displaced an- 
gularly by means of prisms, or the locus 
of vision can be shifted by means at 
mirrors or a television camera. This last 
condition achieves the effect of locating 
the eyes somewhere in space away from 
their normal position. Prior studies of 
angular displacements other than inver- 
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sion and reversal indicated over all that 
subjects may show little or no disturb- 
ance with minor angular displacements 
but may be completely unable to adapt 
to major angular displacements or odd 
combinations of different types of dis- 
placements. With our television tech- 
niques, we were able to obtain more 
precise data on some of these effects by 
carrying out systematic observations on 
performance and learning with con- 
trolled variations in the locus of vision 
in both horizontal and vertical planes. 
We predicted that for any given response 
pattern we would find a range of angular 
displacement which would have no effect 
on the response and its learning, but 
that a limit of this normal displacement 
range would be found beyond which 
organization and learning of the move- 
ment would be disturbed. Within the 
breakdown range, we predicted that the 
degree of disorganization and the rate 
and amount of learning would vary as 
functions of the magnitude of the dis- 
placement angle. 

The insert drawing in Figure 14.16 
shows the general method of displacing 
the locus of vision (Smith, Wargo et al., 
1963). The subject is given a manual 
task to perform while watching his 
movements on a television monitor. The 
experimental variable is the position of 
the television camera, which is shifted 
to different positions relative to the per- 
formance field. The curves in this figure 
represent the learning progress of three 
groups of ten subjects who performed a 
target-tapping task with the three cam- 
era placements indicated. Each group 
showed a well-defined learning curve, 
and performance times were signifi- 
cantly different for the different camera 
placements. A similar study of a pin- 
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Figure 14.16. Learning curves for target- 
location task under three different magnitudes 
of angular displacement of visual feedback. 
(From Smith et al. Delayed and space-dis- 
placed sensory feedback and learning. Per 
cept. mot. Skills, 1963, 16, 781-796.) 


assembly task showed that subjects could 
perform this less precise task at nearly 
normal efficiency with fairly large dis- 
placement angles. However, their per- 
formance deteriorated when the televi- 
sion camera was displaced by 120 and 
180 degrees. 

In another experiment, learning func- 
tions were determined for two tasks. One 
required that the performance pattern 
conform to a visual pattern, and the 
other task was executed according to 
symbolic instructions in the absence of 
a visual pattern (Gould and Smith, 
1962). The two tasks were (1) to trace 
a pencil maze, consisting of fifty-one 
gates in irregular positions and varyIng 
orientations that had to be traversed in 


Spatially Displaced Sensory Feedback 


AXES 
RATIO 


0? 10° 20° 30° 40° 50° 60° 70° 


ANGLE OF DISPLACEMENT 


Figure 14.17. 


angle increased, the circles were 
tracing accuracy tested on th 


Quantitative functions o 
a. Circle-drawing accuracy tested on the te! 


379 


MAZE 
ERRORS 


30° 40° 50° 60° 70° 


ANGLES 


oe 10° 20° 


{ performance at varying displacements. 
nth day of practice. As the displacement 
drawn progressively more elliptical. b. Maze- 
e tenth day of practice. Performance remained stable 


from 0 through 40 degrees, after which it became progressively worse as the dis- 


placement angle increased. 
analysis of space-structure 


a prescribed order and (2) to draw a 
perfect circle on a blank sheet of paper. 
Twenty-four subjects practiced both 
tasks for nine days with visual-displace- 
ment conditions of 0 degrees, 20 de- 
grees, 40 degrees, and 60 degrees. On 
the tenth day, all subjects were tested in 
both tasks with eight camera positions 
from 0 to 70 degrees. Performance cri- 
teria were the number of errors made 
in the maze and, for the circle drawing, 
a ratio of the two axes of the circles 
that indicates how nearly the drawings 
approached a true circle. The functions 
shown in Figure 14.17 were obtained. 


(From Smith and Smith. Perception and motion: an 
d behavior. Philadelphia: Saunders, 1962.) 


Accuracy in maze tracing held at a con- 
stant level with displacements from 0 
degrees through 40 degrees, but there- 
after a sharp increase in performance 
errors occurred. This is a graphic dem- 
onstration of what we mean by normal 
and breakdown ranges of geometric dis- 
placement; for this particular maze- 
tracing task, subjects maintained equiva- 
lent performance while their visual feed- 
back was varied through a forty-degree 
angle, but after this breakdown angle 
had been reached, the efficiency of per- 
formance varied with the magnitude of 
displacement. The function for circle 
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drawing shows no such sharp break, for 
this performance was monitored more 
by kinesthetic than by visual cues. The 
curve shows that the circles as drawn 
became more and more elliptical but 
the effect was a gradual one. As the 
feedback angle increased, the subjects 
compensated more and more for the 
distorted feedback images seen in their 
television monitor even while trying to 
draw true circles. 


Theoretical Significance 
of Displaced Feedback Studies 


The most general significance of our 
research on spatially displaced visual 
feedback is that the differential learning 
effects found in these studies had nothing 
to do with time contiguity factors or re- 
inforcement contingencies. The experi- 
mental variables that defined differences 
in rate of learning and level of perform. 
ance for any given task were variations 
in the geometric relationships between 
performance and visual feedback of that 
performance. While other environmental 
factors were kept constant, the varying 
spatial characteristics of the response- 
feedback interaction defined highly sig- 
nificant variations in rate and degree of 
learning. 

More specifically, the space displace- 
ment experiments showed that perform- 
ance and learning vary with the nature 
and magnitude of feedback displacement 
and with the motion pattern, its preci- 
sion, and its spatial complexity. Visual 
inversion was more detrimental than 
visual reversal but less disturbing than 
Some extreme nonsystematic displace- 
ments. For any given task, a normal 
range of angular displacement could be 
found within which performance was not 
disturbed; but beyond the breakdown 
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angle, the efficiency of performance and 
learning varied with the magnitude of 
the displacement. The extent of the nor- 
mal range, within which performance 
remained stable, depended on the pre- 
cision and spatial complexity of the 
movements involved. 


SUMMARY 


1. Cybernetic theory holds that the 
primary determinants of learning are to 
be found in the intrinsic sensorimotor 
integrating factors; extrinsic factors ex- 
ert a secondary influence on what is 
learned. 

2. Experimental behavioral cybernet- 
ics investigates the parameters of closed- 
loop control of behavior. 

3. The cybernetic concept of reflex 
action is that it is a continuous feed- 
back-control process that maintains re- 
ceptor sensitivity and defines the nature 
of sensory signals. 

4. It is thought that cybernetic con- 
trol is achieved by differential neural 
action. The neuronic interpretation that 
neurons react to stimulus differences be- 
tween input points differs from the tradi- 
tional synaptic interpretation of in-line 
neural conductive action. 

5. Simultaneous multidimensional con- 
trol of behavior is attributed to special- 
ized brain centers which can control dif- 
ferent movement components simultane- 
ously and integrate them into continuous 
behavior patterns, 

6. Cybernetic theory assumes that 
behavior is organized primarily accord- 
ing to spatial patterns and spatial differ- 
ences in stimulation, and that temporal 
Sequences are mediated by movement- 
generated changes in spatial patterning. 

7A living cybernetic system x 
marked by flexibility and change in its 
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patterns of control. Maturation and 
learning involve progressive integrative 
changes and refinements in the spatial 
patterning of behavior. 

8. Behavior that precedes learning is 
not random but selective, reflecting the 
genetically defined patterns of percep- 
tual-motor response in a species. 

9. Learning is the process of reor- 
ganizing feedback-regulated activity pat- 
terns in relation to new environmental 
patterns. 

10. Two basic methods of perturbing 
the properties of sensory feedback are 
spatial displacement and temporal de- 
lay. Displaced vision first was studied 
by optical methods and later by means 
of closed-circuit television. Feedback de- 
lay is achieved by electronic recording 
of auditory or visual (televised) feed- 
back, or by means of computers. 

1l. Feedback delayed by small frac- 
tions of a second is seriously detrimental 
to performance. The degree of degrada- 
tion is related to precision and spatial 
complexity of the motion involved and 
to the magnitude of the delay interval. 

12. No effective learning occurs un- 
der conditions of delayed feedback. The 
adaptation that does occur results from 
movement reorganization or shift in 
sensory control. 

13. Comparisons of inverted, re- 
versed, and inverted-reversed vision 
showed that inversion was more detri- 
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mental to performance and learning 
than reversal, and combined inversion- 
reversal, somewhat less so than inver- 
sion. This is explained by assuming that 
inversion disturbs the primitive up- 
down reference system related to posture 
while reversal disturbs the bilateral 
transport system. 

14. The magnitude of disturbance was 
directly related to the complexity and 
precision of motion. After prolonged 
practice in an inverted visual field, dif- 
ferent types of movements stabilized at 
different levels but, except for the sim- 
plest movements, did not equal perform- 
ance in normal visual fields. 

15. Normal performance remains 
stable with slight angular displacements 
of the line of sight or the locus of vision. 
Experimental angular displacements of 
the locus of vision revealed that the 
magnitude of the breakdown angle var- 
ied with movement precision and com- 
plexity, and that in the breakdown range 
the magnitude of disturbance varied 
with the magnitude of the displacement. 

16. The studies of performance in dis- 
placed visual fields produced systematic 
learning functions, usually highly sig- 
nificant. The differential learning effects 
were related to dimensions and magni- 
tudes of displacement and to the nature 
of the task, not to temporal contiguity 
or reinforcement factors. 


CHAPTER 


15 


Analysis of Educational 


Skills 


The cybernetic view of behavior pro- 
vides a new approach to the study and 
understanding of educational skills. 
These skills of speaking, tool using, 
drawing, writing, reading, singing, musi- 
cal instrumentation, numerical manipu- 
lation, and controlled observation are 
closed-loop activities characterized by 
cybernetic features—that is, generation 
of productive activity, intrinsic patterns 
of receptor and sensorimotor organiza- 
tion, feedback control, integration of 
multidimensional response, and instru- 
mental and symbolic transformations of 
feedback control. Educational skills do 
not yield readily to open-loop analysis, 
nor are they readily explained in terms 
of conventional association concepts of 
learning. 

In this chapter, we shall describe a 
series of studies, our own and others’, on 
the sensory-feedback control of writing, 
drawing, reading, and speech. A number 
of new research techniques have yielded 
supporting evidence for our view that 
the learning of these behavior patterns 
is guided and delimited by intrinsic 
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stimulus-response interactions and have 
identified features of cybernetic control 
which relate the educational skills to 
other adaptive behaviors and to the 


fundamental response systems of the 
body. 


INSTRUMENTAL BASIS 
OF EDUCATIONAL SKILLS 


Three of man’s most important educa- 
tional skills—writing, drawing, and 
reading—are instrumental behavior pat- 
terns requiring the use of man-made 
devices for their execution. In the far 
reaches of antiquity, these skills were 
far more rugged tool-using behaviors 
than they are today, demanding the use 
of such tools as chisels and hammers. 
But with all the refinements through the 
ages, reading, writing, and drawing 
continue to be instrumental behavior 
patterns whose learning is tied to spe- 
cial tools and devices. 

A first step in understanding educa- 
tional skills, therefore, is to investigate 
the general characteristics of tool-using 
behavior. The experiments to be de- 
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scribed here were designed to test cer- 
tain general assumptions of cybernetic 
theory in relation to tool using. 


Differential Feedback Effects 
in Instrumental Skills 

The only scientific area dealing spe- 
cifically with tool-using behavior is the 
field of human engineering, where many 
studies have been done on man-machine 
relationships. Of necessity, most of these 
studies have focused on the analysis and 
design of specialized machine systems 
rather than on more basic questions con- 
cerning the properties of instrumental 
behavior and their differential effects on 
learning. 

In the cybernetic view, tools and ma- 
chines involve different levels of feed- 
back regulation of activity inasmuch as 
the use of a tool in a motion pattern 
multiplies the possible sources of sensory 
feedback and varies the geometrical re- 
lationships of the different feedback pat- 
terns. We distinguish three main sources 
of feedback in tool-using operations: 
feedback from the actual movements of 
the hand or arm; feedback from the 
physical motions of the tool or machine; 
feedback from the action of the tool or 
machine on environmental materials or 
objects. We refer to these three different 
kinds of response-generating stimulation, 
respectively, as reactive, instrumental, 
and operational feedback. 

The different feedback patterns can 
vary from each other in many ways, de- 
pending on the type of motion, the tool 
being used, and the objects or material 
being altered by the operation. In some 
simple instrumental tasks, all three pat- 
terns may be congruent. For example, as 
one writes with a pencil, the spatial pat- 
tern executed by the hand conforms 
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very closely to the movement of the 
pencil point and the resulting graphite 
trace on the paper. However, if the same 
words are typed, there is very little 
similarity among the reactive, instru- 
mental, and operational feedback pat- 
terns. Thus we say that feedback pat- 
terns can be congruent or noncongruent. 
They can vary in size, as, for example, 
when a tool magnifies or reduces the 
actual movements of the operator. The 
patterns can resemble each other di- 
rectly or in a compensatory way, as 
when a downward movement at one end 
of a lever produces an upward move- 
ment of the other end. The effectiveness 
of a particular tool or machine for hu- 
man use and an individual’s efficiency 
in learning to use it are affected by the 
relationships among the varying feed- 
back patterns. Some transformations 
from reactive to instrumental to opera- 
tional feedback are readily learned 
whereas others never may be mastered. 

In some of our first studies dealing 
specifically with tool-using feedback, we 
used television techniques to isolate pat- 
terns of reactive, instrumental, and 
operational visual feedback and to test 
their differential effects on learning. One 
technique is pictured in Figure 15.1, 
showing how a closed-circuit television 
system was used to give the subject a 
substitute image of all three types of 
feedback or of one kind alone, isolated 
by special illumination effects. The sub- 
ject’s task was to use a marking tool to 
trace a prescribed pattern in the circu- 
lar field. Under normal lighting, reac- 
tive, instrumental, and operational feed- 
back all appeared on the monitor screen 
as shown at the upper left. By using 
special lighting, an arm and hand cover, 
and darkened paper and tool it was pos- 
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sible to hide the path traced, the pencil, 
or the hand in the televised image and 
thus to display reactive, instrumental, or 
operational effects singly. 

A series of observations carried out 
with this experimental technique showed 
that no one type of feedback presented 
alone was as effective in controlling per- 
formance as combined instrumental and 
operational feedback effects. Perform- 
ance was maximally efficient when the 
operational effect and its relation to the 
instrumental action were displayed. A 
further study investigated the effects of 
different amounts and different loci of 
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instrumental visual feedback from the 
action of a tracing tool. The hypothesis 
was that as the locus of available sen- 
sory data was shifted away from the 
focal point of operational action of the 
tool, the level of organization of the be- 
havior would decline. 

The task of the subject in this study 
was to trace through the white gates of 
the path with a special pencil, guiding 
his movements by watching the televi- 
sion monitor. Four different tracing pen- 
cils were prepared by painting them in 
different patterns of black and white, as 
shown in Figure 15.2. Only the white 
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Differential effects of different amounts and loci of instrumental 


feedback on tracing motions. a. The four experimental fencils showing the visible 
white sections. 6. Time-error scores for the different feedback conditions. 


areas showed up in the television moni- 
tor, so that the subject guided his move- 
ments by watching the tip, the cone, the 
shank, or the band of a pencil, depend- 
ing on the one being used. The white 
gate markings of the path also were vis- 
ible. The results of this study showed 
that performance with the band-marked 
pencil was very much poorer than per- 
formance with all other pencil markings. 
That is, moving the effective feedback 
locus nearly three inches from the focal 
point of operation of the tool was 
highly detrimental to performance effi- 


ciency. 


Dynamic versus Static Feedback 

In another study of feedback factors 
in tool using, we tested the assumption 
that the learning and performance of an 
instrumental response pattern would be 
more efficient with dynamic movement 
feedback than with static knowledge of 


results. In order to provide a subject 
with a truly static pattern showing the 
results of his movements, it was neces- 
sary to delay presentation of the visual 
image until the response had been com- 
pleted. Consequently we used delayed 
televised feedback techniques, as de- 
scribed in Chapter 14, to compare the 
effects of static and dynamic patterns. 

The task in this study was to use a 
heavy felt marking pen to dot twelve 
small circles arranged in two concentric 
rings in the order shown in Figure 15.3. 
The subjects who received dynamic feed- 
back saw a delayed image of their hand 
dotting with the marking pen, while 
those receiving static feedback saw only 
the pattern of dots left at the end of 
their performance. The graph in Figure 
15.3 shows that dynamic feedback pro- 
duced significantly more accurate per- 
formance throughout five days than did 
static knowledge of results. 
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Figure 15.3. Median dot-location accuracy 
during learning with delayed dynamic visual 
feedback and delayed static knowledge of re- 
sults. The insert shows the pattern that was 
dotted in the order indicated by the numbers. 


The implication of these results is that 
one can learn an instrumental task more 
efficiently when provided with dynamic 
feedback of the motion pattern than with 
a static presentation of the effects of mo- 
tion. This was true even when the feed. 
back was delayed—a condition which in 
itself is unfavorable to learning. Inter- 
esting comparisons can be made between 
this experiment and one described in 
Chapter 8 in which Annett (1959) at- 
tempted to differentiate between action 
feedback and learning feedback. It will 
be recalled that subjects were instructed 
to learn the feel of exerting a specific 
pressure on a plunger. Those subjects 
who were given dynamic visual feedback 
of a pressure gauge performed accu- 
rately but did not learn kinesthetic con- 
trol, whereas those who were given 
static knowledge of results at the end of 
performance gradually learned kines- 
thetic control. We noted that it was 


unrealistic to expect the first group to 
learn to use kinesthetic feedback when 
they were provided with more efficient 
visual feedback. 

In our experiment described above, all 
subjects were deprived of visual feed- 
back during performance and all learned 
some measure of kinesthetic control on 
the basis of delayed visual feedback. 
However, the dynamic pattern that re- 
produced the appearance of the sub- 
ject’s own movements was more effec- 
tive than static knowledge of results. We 
think that this conclusion can be gen- 
eralized to the learning of handwriting 
and drawing skills, inasmuch as the 
coordinations involved are very similar. 
Dynamic feedback of motion is far more 
effective in organizing such closed-loop 
performances than static aftereffects. 


HANDWRITING RESEARCH 


Prior studies of handwriting have 
been almost entirely task oriented, re- 
lating to practical problems of teaching 
and evaluating writing skill. The central 
problem is one of legibility—what con- 
stitutes legible writing and how it can 
best be taught. 

Some of the oldest studies of hand- 
Writing within the area of educational 
research have been attempts to apply 
psychometric procedures to the develop- 
ment of legibility scales. The first of 
these in America, according to Herrick 
and Erlebacher (1963), was developed 
by Thorndike in 1910 and was followed 
within a few years by Ayres’ and Free- 
man’s scales for judging handwriting. 
Thereafter no important contributions to 
legibility measurement were made for 
more than forty years. Recently Herrick 
and Erlebacher described rating pro- 
cedures for developing legibility scales 
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that take into account characteristics of 
slant and size of letters. 

Present teaching procedures in the 
United States, according to a survey 
by Herrick and Okada (1963), empha- 
size correctness of letter formation, neat- 
ness, uniformity, spacing, size, and 
alignment, in that order. Teaching hand- 
writing is usually a matter of providing 
samples, pointing out their desirable 
characteristics, and requiring repeated 
practice in imitating them. Some atten- 
tion is paid to the position of the body, 
arm, wrist, fingers, writing instrument, 
and paper; but apparently these posi- 
tional factors are stressed less now than 
in the past, when penmanship was as- 
signed relatively greater importance 
among educational skills than it is to- 
day. Current teaching procedures em- 
phasize body position and paper orienta- 
tion more than other positional factors 
and pay little attention to the dynamics 
of movement organization. Writing is 
not always an easy task and many indi- 
viduals never master a relaxed, cursive 
style. It has been suggested by Calle- 
waert (1963) that children should be 
put through a preapprenticeship training 
in making cursive and inscriptive move- 
ments without an instrument and then in 
drawing lines and loops with a soft pen- 
cil on glossy paper. 

Callewaert’s analysis and similar treat- 
ments are based principally on remedial 
work, for very little basic research has 
been carried out on the nature of move- 
ment control in handwriting. One series 
of studies has been reported by Harris 
and Rarick (1963), who investigated 
legibility in relation to sex, intelligence, 
speed, point pressure, and such physio- 
logical measurements as galvanic skin 
response and muscular tension. The re- 
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sults showed certain trends but were not 
entirely clear-cut. In general, increased 
legibility was associated with more 
stable motor control of writing. Brighter 
children showed a greater stability in 
psychophysiological activity and in legi- 
bility than did the slow learners, and 
girls showed generally more stability 
and smoother integration in handwriting 
than did boys. In general, slow writing 
rates were associated with better legi- 
bility, but this relationship was not con- 
sistent. 


Theoretical Approaches 

Conventional reinforcement learning 
doctrine has been applied by Mowrer 
(1963) to handwriting. Mowrer as- 
sumes: 


... that the best way to get children to 
like to write is to have the teacher’s 
samples or models followed by pleasant 
rewarding experiences. . .. The first con- 
crete use which children are likely to 
find for writing is in connection with 
note passing, which, paradoxically, is 
commonly disapproved and punished 
. why not give school children ex- 
tensive opportunity to communicate in 
precisely this way, by note-passing ? 


The crux of Mowrer’s theory of how 
verbal skills are acquired lies in his 
concept of imitation. An oral or written 
response occurs in the first place because 
of the individual’s ability to imitate a 
stimulus pattern. Then it must be re- 
warded or reinforced positively in order 
for it to be repeated and stabilized. 
Mowrer fails to explain how an individ- 
ual is able to imitate—why some chil- 
dren make legible copy and others do 
not, although the teacher stands ready 
and eager to reward all slight successes. 
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A second theoretical approach to 
handwriting research is our own sen- 
sory-feedback concept of space-struc- 
tured behavior, emphasizing not the re- 
ward but the mechanisms of production 
and feedback control of the imitative 
response. We believe that the movement 
patterns of handwriting are determined 
cybernetically. The individual not only 
must produce and control symbols by 
means of the different reactive, instru- 
mental, and operational patterns of 
feedback but also must do this ac- 
cording to certain rules of educational 
and symbolic design. 

Every written language has its distinct 
letter forms, its grammatic and syntactic 
design, and its rules for manipulating 
and communicating information. The 
child must learn to integrate movements 
and receptor activities to conform to 
conventionalized phonetic, syntactic, and 
grammatic design. He also must learn 
conventional rules which define the con- 
text and the specific meanings of words 
and phrases. Writing may be used to 
record, to store information, 
municate, 


to com- 
and to manipulate symbolic 
information. The rules of information 
manipulation define special meanings 
for each different Operation such as 
classifying, identifying, transposing, 
simplifying, reducing, amplifying, com- 
paring, translating, differentiating, and 
integrating information. Writing ex. 
tends instrumental and operational con- 
trol to the manipulation and handling 
of all kinds of information. To learn to 
use written patterns means integrating 
the multidimensional movement and Te- 
ceptor activities involved in writing, 
reading, and speech according to con- 
ventional rules of symbolic design. ° 
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Feedback Analyses of Writing 


Our principal techniques for hand- 
writing research are those described in 
the previous chapter—to delay and dis- 
place the visual feedback of motion and 
to measure the differential effects on 
performance and learning. 

Using handwriting analyzers to meas- 
ure component movements, we have es- 
tablished a number of basic facts about 
the primary coordinations and interac- 
tions in writing (Smith and Murphy, 
1963). First, it has been demonstrated 
in a number of ways that the contact and 
travel movements of writing are inde- 
pendently variable response components 
that interact in certain ways in learning, 
transfer, fatigue, and stress. The level of 
correlation between contact and travel 
durations in different writing tasks gen- 
erally is much higher than that found 
for simpler sequential movements. That 
is, variation in the spatial complexity of 
written characters typically produces 
marked variation in the duration of 
travel movements between characters, 
even though the distance of travel re- 
mains constant. Second, our studies have 
shown that individuals differ markedly 
in their manipulative-travel coordina- 
tions. Some individuals show consistent 
Positive correlations between the dura- 
tions of these two components in differ- 
ent writing tasks, while others show 
negative or chance correlation. 

When subjects were instructed to 
double and then quadruple the size of 
their writing movements, the duration of 
the writing movements increased about 
twenty percent. However, no such time 
increase occurred when the size of the 
televised feedback pattern was enlarged 
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while the writing motions themselves re- 
mained of constant magnitude. Decreas- 
ing the size of the actual movements to 
about one-fourth of normal also slowed 
writing motion, but comparable reduc- 
tion in the size of visual feedback pro- 
duced no marked effect on movement 
time. Performing very large or very 
small writing for long periods of time 
was a very frustrating and tiring task 
and could not be sustained by unprac- 
ticed subjects. The size of normal writ- 
ing varied somewhat with the precision 
of the writing point; with a finer point, 
the size of the writing tended to de- 
crease. 

To obtain measures of legibility, we 
used a Q-sort technique in which sam- 
ples of writing were ordered by judges 
into rating levels within a predefined dis- 
tribution of such ratings. The legibility 
of three separate samples of writing of 
100 college students was so rated by five 
judges and from these Q-sort ratings 
were obtained mean legibility scores 
which were correlated with the measured 
durations of contact and travel move- 
ments. The results of this extensive ex- 
periment indicate that contact movement 
time is more closely related to legibility 
than is travel movement time although 
even the contact time-legibility correla- 
tions were very low. The times for writ- 
ing words generally correlated more 
highly with legibility scores than did the 
times for writing single characters. 

The general methods and effects of 
delaying sensory feedback were reviewed 
in the previous chapter, where it was 
pointed out that even the slightest delay 
of a small fraction of a second greatly 
disturbs an organized pattern of move- 
ment. Van Bergeijk and David (1959) 
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delayed the visual feedback of hand- 
writing by using a telewriter to convert 
the pattern of writing into electrical sig- 
nals and then to transmit it to an elec- 
tronic viewing tube where it was recon- 
verted to a visual pattern. A delay circuit 
inserted between the performance and 
its feedback enabled them to separate 
the two by controlled delay intervals up 
to about a half second. 

When subjects were told that their 
performance would be scored for speed, 
neatness, and errors, the results graphed 
in Figure 15.4 were obtained. As the de- 
lay intervals were increased from 0.04 
to 0.52 second, neatness decreased (the 
neatness rating was an inverted score) 
and errors increased. The time per letter 
increased although the subjects were at- 
tempting to maintain their speed. There 
is no indication in these results of 
whether or not a maximum disturbance 
had been reached. When subjects were 
instructed to write “the best you can,” it 
was found that they could eliminate 
errors in writing by slowing down mark- 
edly, but the legibility of their writing 


Figure 15.4. Neatness, error, and time 
scores as a function of magnitude of feedback 
interval. (Data from van Bergeijk and David, 
1959; from Smith. Delayed sensory feedback 
and behavior. Philadelphia: Saunders, 1962.) 
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still was degraded severely by delayed 
feedback. 

Observations comparable to these 
were reported by Kalmus et al. (1960) 
after experimentally delaying the action 
of a telescriber in transmitting the move- 
ments of a stylus to an ink-writing pen. 
Subjects watching a delayed graphic 
feedback wrote more slowly, became dis- 
organized in their movements, and made 
many spelling and writing errors. When 
they tried to trace graphic patterns, per- 
formance time and errors both appeared 
to increase with increased magnitude of 
the delay. These authors noted that the 
only adaptation observed under the de- 
lay condition was a matter of changing 
the mode of response. 

Our own observations on delaying the 
televised feedback of handwriting, de- 
scribed in Chapter 14, also showed that 
the execution of organized patterns of 
legible handwriting requires normally 
synchronous visual feedback. Writing is 
a continuous series of differential Te- 
sponses based on precise sensory dis- 
criminations, and the timing of succes- 
sive responses and feedback stimuli 
cannot be tampered with without de- 
grading the entire performance. 


Spatially Displaced Handwriting 
Feedback 


We carried out a series of displaced- 
feedback studies to test our assumption 
that writing involves production of di- 
rectional movements which are con- 
trolled by the coordinate feedback ref- 
erence systems of postural and transport 
movements. We assumed that feedback 
inversion would disturb handwriting effi- 
ciency and legibility more than right-left 
reversal because the postural (up-down) 
reference system is a more generalized 
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and primitive system of motion control 
than the bilateral transport mechanisms. 
We also assumed that combined inver- 
sion and reversal of feedback would 
have less effect on writing performance 
than inversion alone, because the latter 
distorts the normal field relationships 
involving integrations between the two 
reference systems in addition to disturb- 
ing the postural reference system. 
Figure 15.5 illustrates how an elec- 
tronic handwriting analyzer is combined 
with a closed-circuit television system to 


Figure 15.5. Integration of television and 
electronic motion analysis instrumentation for 
systematic studies of sensory-feedback control 
of handwriting. (From Smith and Greene. A 
critical period in maturation of performance 
with space-displaced vision. Percept. mot. 
Skills, 1963, 17, 627-639.) 
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invert and reverse the visual feedback of 
writing movements. The top figure 
shows the subject’s hand screened from 
direct vision while he watches his per- 
formance on the monitor screen. The fig- 
ure below shows the subject’s hand on the 
writing surface of the analyzer directly 
underneath the television camera. The 
camera is modified to permit rapid 
change of the feedback condition—nor- 
mal, inverted, reversed, or inverted-re- 
versed. 

The bar graphs in Figure 15.6 show 
mean contact and travel times of twenty- 
four subjects who wrote a’s, drew tri- 
angles, and made dots repetitively with 
the four feedback conditions. While all 
abnormal displacements significantly in- 


creased performance time, it can be seen 
Figure 15.6. Durations of contact and 
travel movements of handwriting and drawing 
tasks with normal, reversed, inverted, and in- 
verted-reversed feedback. (From Smith and 
Smith. Perception and motion: an analysis 
of space-structured behavior. Philadelphia: 
Saunders, 1962.) 
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that the effects of inversion were most 
severe and of reversal, the least severe. 
The inverted-reversed condition slowed 
performance only slightly more than did 
reversal. Both contact and travel move- 
ments were affected by the experimental 
displacement in the same relative order. 

When the movement time data were 
broken down according to the nature of 
the task, the simple task of making dots 
showed only slight differences relative to 
the experimental displacements and most 
of the differences were not significant. 
Movement times for writing a’s and 
drawing triangles varied in the same 
way as the combined tasks in Figure 
15.8. Normal times were always signifi- 
cantly fastest and movement times with 
inversion were always significantly 
slower than with reversal. The inverted- 
reversed condition usually was signifi- 
cantly different from inversion but not 
from reversal. The different displacement 
conditions had the same relative effects 
on legibility as on writing speed. 

We presented results in Chapter 14 
showing that the differential effects of 
spatial feedback factors are relatively 
permanent and are not equalized by 
practice. Twelve subjects who practiced 
writing a’s, drawing triangles, and mak- 
ing dots in an inverted visual field for 
one-half hour per day for twenty days 
never completely adapted to the altered 
feedback relationships. Half of these 
subjects wrote normally so that their 
symbols appeared inverted and half per- 
formed in a compensatory way, that is, 
they inverted their movements so that 
the a’s appeared upright in the inverted 
field and the triangles appeared point 
up. The learning effects in this long- 
term experiment were given in Figure 
14.15. After twenty days, movement 
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times had leveled off but in most cases 
remained elevated above the normal 
means (which were established by sub- 
jects who practiced only ten days). The 
curves for the direct and compensato: 
modes of response still differed slightly, 
but stood in different order for contact 
times than for travel times, 
Improvements in legibility during 
these twenty days of practice are illus. 
trated in Figure 15.7 for two subjects, 
one of whom performed direct responses 
(upright) and one of whom wrote and 
drew in a compensatory way. Although 
considerable improvement occurred from 
the first day to the twentieth day, the 
letters and symbols still were somewhat 
irregular and distorted. Our conclusion 
is that the sensory-feedback relationships 
involved in movement integration are 
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Samples of writing and drawing from two subjects on first and 
of practice in an inverted visual field. (From Smith and Smith. 
motion: an analysis of space-structured behavior. Philadelphia: 


intrinsically organized and not com- 
pletely flexible even though marked 
learning changes can occur with space- 
displaced vision. The efficiency with 
which a motion can be performed with 
displaced feedback depends on the di- 
mension of displacement, the nature of 
the movement, and the criterion of per- 
formance efficiency. Simple tasks can be 
relearned to acceptable levels if they 
need not be too precise, especially with 
reversed feedback. We assume that very 
complex tasks requiring a high degree 
of precision might never be performed 
adequately in an inverted field. We also 
ave reason to believe that performance 
in abnormally displaced fields would de- 
teriorate more under conditions of stress 
than normally controlled performance. 
The second main hypothesis which we 
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tested experimentally is that the focal 
movements of forming letters and of ar- 
ranging them on a straight line are con- 
trolled by differential feedback signals 
relative to the angular relationships be- 
tween the movements and their reference 
patterns. According to the cybernetic 
concepts outlined in Chapter 14, we as- 
sume that a given task can be performed 
effectively within a measurable normal 
range of angular displacement but de- 
teriorates with more extreme angular 
displacements that define the breakdown 
range. The angle at which performance 
begins to deteriorate is known as the 
breakdown angle, and its value changes 
according to the precision and spatial 
complexity of the movement pattern. 

In one of our first experiments, sub- 
jects were tested when the television 
camera was displaced in a horizontal 
plane 30 degrees, 90 degrees, and 180 
degrees from the normal locus of vision 
(W. M. Smith et al., 1956). Legibility 
was poorest with the ninety-degree dis- 
placement. 

In a more extensive study, we ana- 
lyzed learning functions for both direct 
and compensatory writing motions in 
angularly displaced visual fields. One 
group of right-handed subjects per- 
formed with normal direct vision, one 
with televised feedback positioned at 0 
degrees, and two groups with each of 
the angular displacement conditions— 
90 degrees, 180 degrees, and 270 de- 
grees to the left. At each of these experi- 
mental displacements, one group of sub- 
jects performed with direct reactions 
and the other group with compensatory 
reactions, making symbols that looked 
normally oriented in the displaced fields. 

The method and the learning data of 
this experiment are shown in Figure 
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15.8. All groups showed improvement 
with practice, as indicated by perform- 
ance time. The groups showing the 
greatest disturbance were those attempt- 
ing to write symbols in a compensatory 
manner with displacements of 90 and 
180 degrees. Although these groups im- 
proved greatly, they did not achieve the 
speed of the other groups in the nine 
days. It should be noted that displacing 
feedback 270 degrees, or 90 degrees to 
the right, was far less disturbing than 
displacing it 90 degrees to the left, at 
least for these right-handed subjects. 
Further, the subjects who made com- 
pensatory responses at the two-hundred- 
and-seventy-degree displacement condi- 
tion performed better than any other 
displacement group throughout most of 
the experiment. With the locus of vision 
moved 90 degrees to the right, it ap- 
parently was easier to make symbols that 
were oriented to appear upright in that 
field than to make symbols in the normal 
manner. If we had tested left-handed 
subjects, the results might have been 
different. 

Results such as these indicate that the 
differential effects of using direct or 
compensatory reactions in displaced 
fields are not easily predictable, for they 
depend on the type and magnitude of 
displacement, the nature of the move- 
ment pattern, probably the handedness 
of the subject, and other variables. If 
visual displacement caused only a per- 
ceptual disturbance, one would expect 
the compensatory movements to aid in 
readjustment. However, this is not usu- 
ally the case. When we displace visual 
feedback we disturb the entire percep- 
tual-motor integrative process, and each 
movement pattern is disturbed and 
can be relearned according to its own 
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characteristic organization. Well-defined 
learning functions such as those plotted 
in Figure 15.8 show this very clearly 
and emphasize once again the fact that 
learning is determined by specific spa- 
tial organizational features of the whole 
perceptual-motor interaction. 

The results of a number of investiga- 
tions of writing in angularly displaced 
fields indicate that there is practically 
no disturbance of the movements with 
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horizontal camera displacements be- 
tween zero and 20 to 30 degrees. Beyond 
this angular value, however, legibility 
deteriorates and is at its worst between 
80 and 120 degrees. As the one-hundred- 
and-eighty-degree condition is  ap- 
proached, an axial position where the 
handwriting trace appears inverted and 
reversed, legibility improves slightly- 
When subjects practice writing or draw- 
ing with different feedback displace- 
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ments within the breakdown range, their 
performance improves but rarely equals 
performance in the normal displacement 
range. 

The results of these studies on angular 
displacement combined with those on 
axial displacement of visual feedback 
conform generally to our cybernetic no- 
tions of coordinate spatial feedback con- 
trol of movements. Handwriting is both 
perceptual and motor, an integrated ac- 
tivity with receptor and sensorimotor 
feedback control. Its basic orientation is 
related to the axial reference systems 
provided by the postural and bilateral 
transport mechanisms. Thus learning the 
general orientation of writing patterns 
involves these reference systems. Focal 
control of the writing act depends on 
receiving exteroceptive feedback within 
the normal range of angular displace- 


ment. 


Handwriting Training 

The results of our research on hand- 
writing have certain implications for ap- 
plied problems of handwriting training 
in both normal and remedial situations. 
The main pedagogical implication is 
that handwriting in the growing child 
cannot be considered an isolated activity 
that is unrelated to other movement fac- 
tors. Handwriting and drawing are func- 
tionally interrelated in terms of their 
sensory-feedback mechanisms and the 
tools used, and both develop in a context 
of space-organized sensory-feedback con- 
trol. It is our belief that training in 
writing begins the day that the child 
holds a stick or pencil in his hand and 
moves it about on a smooth surface. 

We assume that the cybernetic mecha- 
nisms regulating handwriting are space- 
organized detection systems. We also as- 
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sume that they involve bilaterally differ- 
entiated transport movement systems 
and thus are closely tied in with general 
dominance factors. We expect that dis- 
coordinations related to handedness will 
affect movement control of writing. Con- 
sequently, we believe that an effort 
should be made to identify children with 
disturbed dominance relationships in or- 
der to provide them with special train- 
ing in all kinds of movement integra- 
tions. 

We believe that training children in 
postural and dynamic transport move- 
ment control would benefit the develop- 
ment of all educational skills, including 
writing. Training should start in in- 
fancy, with emphasis on local control of 
body movements. Writing, drawing, and 
other fine manipulations very likely de- 
pend for their full development on 
ability to recognize and regulate differ- 
ent foci of local movement as well as 
precise control of the operational form 
of the movement pattern. In addition to 
training in control of postural and trans- 
port movements that provide the built-in 
inertial reference systems of motion, we 
believe that children would benefit from 
specialized training in displaced sensory 
fields. The advantages of establishing 
flexible patterns of sensory control 
would not be confined to specific skills 
such as handwriting and drawing but, 
we believe, would be reflected in in- 
creased versatility in all related verbal 
and symbolic processes. 

Many cases of deficient writing are 
related to disturbed dominance. Even 
strongly left-dominant individuals often 
cannot adjust easily to writing patterns 
that have been standardized for right- 
handed writers. Permitting a left-hander 
to use his left hand is not a complete 
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solution, for the form processes are not 
equivalent when shifted from the right 
to the left hand unless the left-hander 
produces mirror-writing. Children who 
show tendencies toward left handedness 
or ambidexterity very likely should be 
trained extensively in writing with both 
hands while they are quite young. If a 
child seems truly ambidexterous, domf- 
nance training should be given to estab- 
lish normal bilateral patterns as much 
as possible. 

Finally, we believe that the learning 
of handwriting could be facilitated by 
improvements in the writing tool. Hu- 
man factors research on pencils should 
come up with an instrument that is bet- 
ter suited to the operations of handwrit- 
ing than the standard lead pencil. Pres- 
ent training emphasis on the way that 
the pencil is held is probably less im- 
portant in promoting legible handwrit- 


ing than improving the instrumental 
design. 


DIMENSIONAL ANALYSIS 
OF READING 


Prior psychological studies of reading 
generally have been concerned either 
with such static concepts as attention, 
recognition, and memory storage or with 
a description of eye movements in Tead- 
ing. This latter type of research is one 
of the oldest areas of scientific motion 
analysis. Javal (1878) first noted that 
the eyes in reading do not follow the line 
of print smoothly but progress by little 
jumps. By the end of the nineteenth cen- 
tury and the early years of the twentieth, 
several psychologists had attempted vari- 
ous techniques for recording eye move- 
ments, but the first adequate method was 
devised by Dodge (1903), who reflected 
a beam of light from the cornea to ex- 
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pose a steadily moving film. This early 
photographic method and later electrical 
recording techniques have provided a 
wealth of descriptive information about 
overt reading movements and have been 
adapted to many applied and clinical 
problems. ; 

Reading involves the cybernetic sensi- 
tizing, directional, and vigilance activi- 
ties of the eyes in relation to the sym- 
bolic designs of handwriting, printing, 
and spoken speech. Reading exemplifies 
what we mean by the cybernetic genera- 
tion of receptor activity essential to the 
manipulation of specific symbolic infor- 
mation. The reader’s eyes explore a field 
of conventional marks and differentiate 
successive patterns of letters and words 
which are identified as phrases and sen- 
tences with meaning. 

In order to study the dimensional 
characteristics of reading activity, we 
carried out some exploratory experi- 
ments under conditions of displaced vis- 
ual feedback (Smith, Cambria, and Stef- 
fan, 1964). The first of these experi- 
ments, which investigated the effects of 
inverting and reversing reading mate- 
rial, showed that inverted and reversed 


reading were learned with equal effi- 
ciency. 


Rotational Breakdown Thresholds 
of Reading: 


A further experiment on reading di- 
mensionality tested reading efficiency 
while the teading matter was being’ ro- 
tated to determine the angle at which 
breakdown of normal reading rate 
would occur, Angular breakdown thresh- 
olds were determined for rotation to the 
tight and to the left for both right- 
handed and left-handed subjects. The 
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reading rotator shown in Figure 15.9 
was used. 

The task of the subject in this situa- 
tion was to read aloud while the disk 
and reading pacer slowly rotated at a 
rate of approximately 180 degrees per 
minute. The subject viewed the material 
without turning his head. When the 
point was reached where the subject fell 
behind his normal pace, the rotation was 
stopped and the angle was recorded. 

The graph in Figure 15.10 shows the 
mean breakdown angles in successive 
trials for right-handed and left-handed 
subjects and for rotation to the right 
and to the left. Although there are some 
inconsistencies in these data, some dif- 
ferential effects appear to be reliable. 
Over all, the subjects tolerated signifi- 
cantly larger displacements to the left 
than to the right. This difference may be 
related to the fact that most individuals 
displace their writing paper toward the 
left and thus become accustomed to read- 
ing their own writing while it is rotated 
to the left. These results also show a 
marked difference between right-handers 


The reading rotator for de- 


Figure 15.9. 
reakdown thresholds for 


termining angular b 


reading behavior. (From Smith et al. Sensory- 
feedback analysis of reading. J. appl. Psychol. 


1964, 48, 275-286.) 
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Figure 15.10. Rotational breakdown thresh- 
olds of reading for right- and left-handed sub- 
jects in successive trials. Solid lines are for 
rotation to the right and broken lines for ro- 
tation to the left. 


and left-handers, with the left-handers 
showing more flexibility in being able to 
read normally with very large displace- 
ment angles. One further difference be- 
tween the right- and left-handed subjects 
was that the left-handers showed more 
marked individual differences. Some of 
them tolerated larger rotational displace- 
ments to the right than to the left, al- 
though the over-all difference between 
left- and right-rotation thresholds was 
statistically significant. We have no ex- 
planation of why the curve for right- 
handers dropped in successive tests of 
the left breakdown angle while the other 
curves rose, except that the performance 
criteria used in this exploratory study 
were rough. More careful measurements 
and controls would be needed to deter- 
mine exact functions. 
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In spite of the tentative nature of these 
results, they are interesting in suggest- 
ing a definite relationship between hand- 
edness and the form perception involved 
in reading. 


BEHAVIORAL ANALYSIS 
OF SPEECH 


Underlying the symbolic processes of 
writing and reading is the most basic 
and most primitive verbal behavior sys- 
tem of all—that of oral speech. The pat- 
terns of speech, like other perceptual- 
motor behaviors, are multidimensional 
integrations of postural, transport, and 
manipulative or articulative movements. 
Vocal coordinations in the infant incor- 
porate unlearned breath control move- 
ments, undifferentiated sounds, and ar- 
ticulated babblings. The learning of a 
specific verbal language involves pro- 
gressive modification of these coordina- 
tions to conform to the sounds, inflec- 
tions, and phrasings used by other 
people. 

Speech is more than just movements 
and sound production, because it is or- 
ganized according to specific symbolic 
rules of language. The semantic and 
grammatic rules are much like tools or 
instruments. They have a definite design 
which determines how syllables are to 
be vocalized, articulated, and grouped 
to function as language and communi. 
cation. Once the rules of controlling 
speech according to language design are 
learned, speech can be used as we indi- 
cated that writing can be used—to ma- 
nipulate information in many different 
ways. Speech involves the closed-loo 
feedback control of postural, syllable- 
pulsing, vocalizing, and articulative 
movements—a mutidimensional pattern 
which must be controlled according to 
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definite features of language design and 
information manipulation. 

Meaning and organization in speech 
emerge from its distinctive features of 
symbolic design and regulation, as well 
as from its operational functions and be- 
havioral feedback control. All of these 
human factors are combined in a given 
communication or thought situation to 
generate speech in a varied and creative 
way, rather than in a repetitive and 
mechanical way. But no matter whether 
the speaking is applied to language com- 
munication or to information manipula- 
tion, the basic control processes of 
speech production are related to the mul- 
tidimensional feedback regulation of 


movements which form and group the 
syllables. 


Speech Intelligibility 


Traditionally there has been more ex- 
perimental interest in the acoustic pat- 
terns of speech than in the movement 
patterns, This emphasis is due in part 
to the very practical problems encoun- 
tered by the communications industry in 
their efforts to devise equipment to 
transmit intelligible speech efficiently 
and economically. Consequently there 
have been many precise measurements 
of the acoustic characteristics of speech 
and many experimental evaluations of 
intelligibility requirements in the acous- 
tic pattern, 

After summarizing this extensive re- 
search field, Licklider and Miller (1951) 
concluded that “vocal communication is 
highly resistant to distortion.” Verbal 
messages can be understood when the 
upper half of the speech frequency spec 
trum is eliminated and also when the 
lower half is eliminated. The wave form 
can be distorted in many ways or even 
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turned off half of the time without de- 
stroying intelligibility. Listeners “get the 
message” in spite of great variations in 
power, the introduction of masking 
noises, or increases in speaking rate. In- 
telligibility does not depend on ampli- 
tude, frequency, or time alone but on the 
over-all patterning of the speech sounds. 

Although research on the acoustic 
flexibility of intelligible speech has en- 
abled telephone and radio engineers to 
devise more efficient communications 
systems, it has not provided a clear 
understanding of how speech is pro- 
duced or controlled behaviorally. For 
this we need an analysis of the response 
mechanisms themselves. 


Movement Components of Speech 
The relatively limited number of care- 
ful studies of speech movements date 
from Rosapelly’s (1897) and Rousselot’s 
(1897) recording efforts, but no other 
analysis can compare with that of Stet- 
son (1951) in providing a clear defini- 
tion of the response patterning of verbal 


behavior. 
Stetson was one of the most outstand- 


ing laboratory instrumentalists in the 
history of psychology. He was develop- 
ing and using direct current amplifiers 
and multichannel oscillographic methods 
of recording for psychophysiological 
analysis a decade before these tech- 
niques were known in the popular 
streams of psychology. Starting out with 
refined kymographic techniques to re- 
cord movements of the abdomen, chest, 
neck, jaw, tongue, and lips in speech, he 
later worked with a series of outstanding 
students to develop remarkable elec- 
tronic methods of relating these recorded 
movements with myographic recordings. 
His graphic correlational analyses of the 
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overt movements, the sound spectrum, 
and the action potentials of the muscle 
systems of speech are outstanding exam- 
ples of behavior analysis (Figure 15.11). 

Stetson’s description of the integrated 
movements of speech, which was sum- 
marized in Chapter 4, can be translated 
very readily into the terms we have used 
to describe the multidimensional make- 
up of human motions. We identify Stet- 
son’s breath group movements—as he 
did—as the large postural component of 
speech. The pulsing movements of the 
chest which generate the syllables are 
dynamic transport movements. Stetson 
described syllable pulses as ballistic 
movements, and as such they are com- 
parable to movements of the legs in 
walking or of the arms in moving the 
hands quickly from one position to an- 
other. The articulatory movements which 
change the shape, size, and closure of 
the upper vocal canal and thus give the 
syllables their consonantal and vowel 
qualities are manipulative movements 
comparable to the refined manipulations 
of the hands in arresting and modulat- 
ing the dynamic transport movements of 
the arms. 


Feedback Control of Speech 

A critical turning point in the science 
of verbal behavior came when Lee 
(1950a, 1950b, 1951) first demonstrated 
the effects on oral speech of delaying 
the auditory feedback process. We re- 
lated in Chapter 14 how Lee and later 
workers used audio-tape to store the air- 
borne sounds made by a speaker and to 
play these sounds back through head- 
phones as delayed auditory feedback. 
We also described some of the definite 
qualitative and quantitative aspects of 
the loss of control resulting from feed- 
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Stetson’s (1951) recording techniques used for correlational anal- 


ysis of the movements and sounds of speech. (From Smith and Smith. Perception 
and motion: an analysis of space-structured behavior. Philadelphia: Saunders, 1962.) 


back delay. The effects of delayed speech 
feedback include slowing of speech rate, 
increased loudness of speaking, elevation 
of pitch of the voice, and a blocking of 
the normal flow of words that results in 
artificial stutter. Many errors of articu- 
lation appear, including omissions, addi- 
tions, and substitutions of syllables or 
words. Whereas the disturbances in 
speech rate and articulation reach a 
maximum with a feedback delay of 
about 0.2 seconds and fall off thereafter, 
increases in speech intensity and pitch 
show little or no such peaking effect 
(Fairbanks, 1955). 

It is possible that the occurrence of a 
maximal disturbance in speech pattern- 
ing with delays of about 0.2 second may 
be related to the fact that the normal 
rate of uttering syllables is approxi- 
mately four to five per second. That is, 
the maximal disturbance might occur 


when the delayed sound of a syllable 
Comes at just the time when the next 
syllable should be uttered. This interpre- 
tation would explain why other types of 
behavior which do not involve regularly 
Tepetitive movements do not show points 
of maximal disturbance such as axe 
found with speech. This interpretation is 
speculative at this time. 

Our computer-controlled research fa- 
cility described in Chapter 14 has made 
it possible to compare the effects of de- 
layed auditory feedback of speech and 
other distortions of the feedback signal 
within the same controlled experimental 
situation (Smith, Ansell et al., 1964)- 
Using a system similar to that diagr amed 
in Figure 14.8 we can delay the auditory 
feedback signal from near zero to about 
2.5 seconds and can produce other types 
of distortions of the speech sounds ab 
well. Selected time samples of the audi- 
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tory data can be inverted so that sylla- 
bles are heard reversed. Artificial dou- 
bling or computer stutter can be intro- 
duced. The voice quality pattern can be 
altered according to mathematically de- 
fined manipulations. Such distortions 
can be introduced singly or in combina- 
tion with feedback delay. 

A main objective of one of our first 
studies with this computer speech sys- 
tem was to determine the relative se- 
verity of disturbance produced in speech 
by feedback delay and by other types of 
distortion of the speech signal. Observa- 
tions on some ten subjects showed that 
computer-delayed feedback produced the 
same slowing, blocking and disorganiz- 
ing effects that have been reported with 
audio-tape methods. We observed marked 
slowing of reading, slurring of many 
syllables, additions, repetitions, difficulty 
of voice control, and increased effort on 
the part of the subjects in their attempts 
to maintain continuous speech. In con- 
trast, other types of distortions such as 
sound inversions and doublings pro- 
duced relatively minor effects. Thus, 
changes which presumably affected the 
informational content of the speech 
sounds were less detrimental than feed- 
back delays. 

We have noted a wide range of indi- 
vidual differences in the effects pro- 
duced in speech by delayed auditory 
feedback. Some individuals show terribly 
disrupted speech patterns similar to 
those related to neurological injuries, 
whereas others are affected only in lim- 
ited ways. Marked reactions occur much 
more frequently to multisyllable words. 
Some persons block and slow down on 
compound words but show no effects on 
single syllables. There is evidence that 
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once a person starts stuttering and slow- 
ing his speech in the delay situation, he 
will not recover his control, so that indi- 
viduals who initially show limited dis- 
turbance may eventually lose control if 
they continue to speak or read. One 
study indicated that the subjects who 
make few actual errors under the delay 
condition may be under greater emo- 
tional stress than reactors, injecting a 
crying or sobbing quality into their 
speech. They may not recognize or re- 
member what they read. Another study 
indicated that reactors retain the content 
of the verbal material better than non- 


reactors. 
Our studies have confirmed the find- 


ing reported in Chapter 14 that indi- 
viduals do not learn to use the delayed 
signals to control their own speech. 
When adaptation does occur, it appar- 
ently is related to a shift in the pattern 
of control. For example, subjects may 
change from a smooth pattern to a series 
of ejaculations. Those who are able to 
ignore the delayed sounds can speak 
relatively fluently by using alternative 
sources of feedback—possibly kines- 
thetic, or bone-conducted sound. We 
have interpreted this failure of subjects 
to learn to use delayed signals as evi- 
dence of the closed-loop nature of the 
speaking process. When the feedback 
signals that are used to regulate the on- 
going pattern are delayed, the nature of 
the response integrations necessarily 
changes. One response does not auto- 
matically trigger the next by means of 
direct in-line association; rather, the se- 
quence of responses is regulated by 
means of response-generated changes in 
the pattern of stimuli on the sensory 
surfaces. 
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Delayed Auditory Feedback 
and Stuttering 

As pointed out by Yates (1963) in a 
recent discussion of the relevant litera- 
ture, the experimental methodology and 
findings of the delayed feedback studies 
may herald a breakthrough in the under- 
standing and control of stuttering. The 
so-called artificial stutter induced by de- 
layed feedback has been recognized as a 
typical effect ever since Lee’s first re- 
port, but few attempts have been made 
to determine whether the delayed feed- 
back stutter is related to real-life stutter 
in terms of common origins. 

Stuttering has been interpreted a num- 
ber of times as a habit pattern that is 
learned and maintained according to the 
familiar drive-reduction model (Shee- 
han, 1958). Discoordinations appear 
normally in the speech of young chil- 
dren, and the assumption is that over- 
concerned parents call attention to the 
errors and try to eliminate them. This is 
supposed to arouse anxiety in the child 
related to the act of speaking. It is not 
clear how the anxiety is reduced by 
learning to stutter—possibly stuttering 
is reinforced by its power to gain pa- 
rental attention. 

Yates has proposed an_ alternative 
interpretation that stuttering may be due 
to some asynchrony in the feedback sig- 
nals of the stutterer comparable to the 
experimental asynchrony induced in the 
delayed feedback experiments. This pos- 
sibility had been discussed previously by 
Cherry and Sayers (1956), who carried 
out a series of experiments both on stut- 
terers and on the effects of delayed audi- 
tory feedback. They were the first to 
introduce delayed speech feedback to the 
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speaker’s ears by means of a bone-con- 
duction pathway—an effect achieved by 
transmitting the delayed signals to vibra- 
tors placed on the temporal bone instead 
of to headphones. Delayed bone-con- 
ducted feedback proved to be far more 
disturbing than delayed air-conducted 
feedback. These results appeared to be 
related significantly to other results 
showing that stuttering can be eliminated 
if stutterers are prevented from hearing 
the low-frequency components of their 
own speech—components which are 
mainly bone-conducted, Cherry and Say- 
ers argued that stuttering might be due 
to a genetic defect which interfered with 
the bone-conducted feedback loop. 

Yates has initiated investigations of 
the effects of delayed feedback on the 
speech of stutterers, trying different de- 
lay times and different intensities. In 
Some cases, stuttering can be suppressed 
by the experimental manipulation and 
in other cases not, but only extended 
study will reveal whether stuttering actu- 
ally can be attributed to false or conflict- 
ing feedback signals. This appears to be 
a very promising line of research which 
may in time provide new insight into 
all kinds of deficiencies in the control 
of speech. Another possibility is that dis- 
turbances in the motor control of speech 
might reflect some deficiency in the 
transport movement system involved in 
the generation of syllable pulses. The 
transport movements of speech seem to 
lack the sort of bilaterality that charac- 
terizes movements of the limbs, and we 
do not yet know how or whether lateral 
dominance js expressed in the speech 
movement systems. Our expectation 15, 
however, that if speech disorders prove 
to be related to specific cybernetic de- 
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fects, then specific corrective procedures 
can be devised. 


Speech Development and Learning 


The experiments on delayed auditory 
feedback suggest that the auditory sig- 
nals ordinarily play an important role 
in the regulation of speech but that 
fairly good control can be established 
on the basis of proprioceptive signals 
under certain circumstances. The inte- 
gration of the different types of speech 
movements—breath control, _ syllable 
pulsing, and articulation—into an or- 
ganized pattern must depend on a pre- 
cise integration of multiple feedback in- 
puts. As a multidimensional response, 
speech undoubtedly derives some of its 
characteristic integrations from geneti- 
cally defined relationships among the 
movement components. 

The course of development of vocali- 
zation and speech in infants and chil- 
dren indicates that both maturation and 
learning contribute to the progressive 
refinement of this multidimensional feed- 
back-controlled behavior. The first vo- 
calizations of the child in crying can be 
interpreted as generalized postural move- 
ments as yet undifferentiated by trans- 
port and articulatory action. In the later 
babbling stage, the infant generates syl- 
lables repeatedly and modulates them in 
limited ways but does not yet attach 
them to specific objects. This is undoubt- 
edly a critical stage for establishing pat- 
terns of auditory-feedback control, as 
evidenced by the repetitive nature of the 
babblings. As different syllables become 
attached to specific objects, they are 
learned within the generalized context of 
postural and transport movements in 
much the same way as fine manual 
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movements are differentiated out of 
larger actions of the arm and hand. 

It often is said that a child learns 
to speak by imitating the speech sounds 
made by others. We believe that the 
child’s ability to imitate is based on his 
ability to generate and explore different 
articulative combinations in a feedback- 
controlled, self-regulated activity. The 
child can imitate words spoken by others 
because he already has developed the 
ability to imitate himself—that is, to 
control his verbalizations according to 
the feedback signals from prior verbali- 
zations. The first words of infancy and 
childhood are not exact imitations of 
adult words but represent patterns simi- 
lar to adult words over which the child 
already has achieved feedback control. 
The progressive refinement of his speech 
reflects increasingly accurate differential 
feedback control and thus increasingly 
accurate imitative abilities. We believe 
that this developmental process comes 
about through maturation as well as 
through learning. 

This sensory-feedback concept of 
speech does not depreciate the impor- 
tance of learning as a factor in vocal 
integration; it emphasizes that the pri- 
mary integrative factors are intrinsic 
and related to the interactions among 
the postural, transport, and manipulative 
movement systems. The refined articu- 
lative system provides for nearly unlim- 
ited variations in syllables that can be 
learned with respect to specific reactions 
to stimuli and objects. It is these highly 
refined movements that are most subject 
to learned modifications, but whatever 
their symbolic meanings, their integra- 
tion within the total speech context fol- 
lows intrinsically determined patterns of 


control. 
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SUMMARY 


1. A cybernetic approach to educa- 
tional skills emphasizes the closed-loop 
nature of drawing, writing, reading, and 
speech, and analyzes them as multidi- 
mensional motions controlled by intrin- 
sic stimulus-response relationships as 
well as feedback from special tools or 
devices. 

2. Writing, drawing, and reading are 
instrumental behaviors that have fea- 
tures in common with other tool-using 
activities. 

3. The three sources of feedback in 
tool using are reactive, from bodily 
movements; instrumental, from move- 
ments of the tool; and operational, from 
the effect of the tool on the environment, 
The various feedback patterns can be 
congruent or can vary in many ways, 
all of which affect the tool user’s effec- 
tiveness. 

4. When the three sources of feedback 
were isolated by television techniques, it 
was found that performance was most 
efficient when the relation of the opera- 
tional effect to the instrumental action 
could be seen. Changing the amount and 
locus of instrumental feedback affected 
performance efficiency. 

5. Dynamic movement feedback was 
more effective than static knowledge of 
results in promoting learning of an in. 
strumental task when both were delayed 
for the same interval. 

6. Most handwriting research has 
been concerned with handwriting scales, 
teaching methods, and positional factors 
in the movement pattern. It has been 
difficult to obtain clear-cut correlations 
between legibility and psychological or 


physiological measurements. 
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7. Reinforcement learning theory 
maintains that reinforcement contingen- 
cies are the most important determining 
factors in handwriting learning. Sensory- 
feedback theory holds that the primary 
determining factors are to be found in 
the intrinsic regulatory mechanisms that 
control motion. 

8. Contact and travel movements of 
handwriting vary independently under 
different conditions of performance. 
Contact time correlates more highly with 
legibility than does travel time. . 

9. Experiments on delayed handwrit- 
ing feedback have shown that the execu: 
tion of smooth, legible writing requires 
normally synchronous feedback. 

10. Visual inversion degrades hand- 
writing performance more than reversal, 
but it is less disturbing than some ex- 
treme nonsystematic displacements. 

i. Handwriting learning should 
benefit from generalized training in 
drawing skills, in postural and transport 
Movement control, in dominance, and 
in performance in displaced fields for 
dimensional control. 

12. Preliminary experiments on te 
sensory-feedback control of reading 
have shown that subjects can learn in- 
verted and reversed reading with about 
equal facility and can read at normal 
rates with very large angular displace- 
ments of the reading material. 

13. Intelligible speech is highly re 
sistant to distortions of frequency, rates 
or intensity patterns. 

14. Stetson’s analysis of the move- 
ments of speech revealed a multidimen- 
sional motion pattern made up of large 
postural movements of the trunk, 4y- 
namic syllable-pulsing movements of 
muscles between the ribs, and articula- 
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tive modulations of the upper vocal 
canal. 

15. Experiments on delayed auditory 
feedback opened a new chapter in speech 
research by emphasizing the closed-loop 
nature of the process and its dependence 
on normally synchronous feedback sig- 
nals, 

16. The severe disturbances produced 
by computer-delayed speech feedback 
were not found with other kinds of 
acoustic distortion that affected the in- 
formational content. Adaptation in the 
delay situation appeared to involve 
changes in movement integration or in 


pattern of control. 
17. It is possible that stuttering and 


other speech disorders arise from defects 
or asynchronies in feedback-control 
loops and that discoordinations can be 
relieved or eliminated by experimental 
adjustments in the feedback signals. 

18. Speech development in infancy 
proceeds from generalized postural con- 
trol to successively more refined trans- 

ort and articulative control in which 

the child’s ability to imitate others is 
related to his ability to generate and 
control many different articulative com- 
binations. Verbal learning is more con- 
cerned with the articulative patterns, but 
these are always Jearned within the 
larger transport and postural context. 


CHAPTER 
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The Problem of T ransfer 


The success or failure of any educational 
program must be judged in the long run 
not only by how well it succeeds in the 
laboratory or even in the classroom but 
also according to how well it prepares 
the individual for some organized life 
situation. The acquisition of skill and 
knowledge will be of limited significance 
unless the learned behaviors can be 
adapted to some longer-term life process 
than the learning situation itself. The 
problem is to understand what deter- 
mines learning generalization so as to 
predict the transfer effects in specific 
situations. 

For well over fifty years, it has been 
a well documented laboratory fact that 
learned reactions interact to affect sub- 
sequent performance. The research of 
Miiller and Pilzecker (1900) is a mile- 
stone in the study of interaction effects 
in human memory. These workers re- 
ported that learned material is recalled 
less well in a subsequent memory test 
if new learning activity is interpolated 
between the original learning and the 
test. This is a classic example of one 
aspect of response interaction—that of 
interference between two types of ac- 
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tivities. Transfer phenomena—another 
aspect of interaction—usually are de- 
scribed and demonstrated in another 
way: in terms of the degree of facilita- 
tion in a second learning task attributa- 
ble to practice in a first task. Here too 
the influence may be negative, so that 
we distinguish between positive and 
negative transfer. 

The purpose of this chapter is to ex- 
plore some of the phenomena of trans- 
fer from a cybernetic point of view. We 
shall attempt to explain similarity in 
transfer situations not in terms of stim- 
uli alone or of responses alone but in 
terms of common factors in feedback 
control, recognizing that self-generative 
movement systems can interfere with 
each other in learning. Thus we shall 
attempt to interpret both transfer and 
interference in cybernetic terms. 


PHENOMENA OF LEARNING 
TRANSFER 


Phenomena of transfer have been 
studied in many different ways in psy- 
chology and education in efforts to un- 
derstand the effects of prior learning on 
the acquisition of present responses. 
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Traditionally the analysis of this prob- 
lem has been dealt with in terms of 
identical elements or of stimulus and 
response similarity, but no criteria of 
equivalence or similarity ever formu- 
lated have been satisfactory in all situa- 
tions. 


Cross Education 


One of the most straightforward mani- 
festations of learning transfer, which is 
often referred to as cross education, is 
the bilateral transfer of specific learned 
Motion patterns from one side of the 
body to the other side. Bray (1928) 
demonstrated that skill in aiming at a 
target seen in a mirror transferred not 
only from hand to hand but from hand 
to foot. Cook (1934) tested this inter- 
member transfer further by training 
subjects to trace an irregular stylus maze 
while blindfolded. He found that trans- 
fer was greatest between symmetrical 
members—from hand to hand or from 
foot to foot and next greatest between 
a hand and foot on the same side of the 

ody, and least between a hand and foot 
©n opposite sides. 

A Special kind of bilateral transfer was 
reported by Volkmann (1858), who 
Noted that subjects being tested for their 
two-point tactual discrimination thresh- 
old became more sensitive in the prac- 
Uced area, in some adjacent areas, and 
also in the area corresponding to the 
Practiced area on the other side of the 

ody. These effects lasted only for a few 
"ys and never have been explained 
Satisfactorily beyond the suggestion that 
ees learn the difference in feel be- 
€n two points and one. However, this 
es not explain the area limitations of 
the effects, 


Bilateral transfer of learned skills usu- 
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ally is explained in part in terms of gen- 
eral learning of methods, techniques, or 
principles and of reduction of initial 
anxiety; these general factors do not ex- 
plain why there is more transfer between 
hand and foot on the same side of the 
body than on opposite sides. We believe 
that the phenomena of bilateral transfer 
exemplify the operation of organized bi- 
lateral cybernetic mechanisms for right- 
left directional control of movement. 


Transfer of Formal Discipline 

Among the early studies of transfer 
are experiments by James (1890) and 
Thorndike (1924), which destroyed 
rather conclusively certain prescientific 
notions about the existence of general 
faculties of learning and memory that 
can be trained by “formal discipline” in 
the classical areas of education. Thorn- 
dike was so successful in exploding some 
of the myths about “training the mind” 
that the whole idea of transfer lost 
status in learning psychology to its detri- 
ment. The fact is that the symbolical 
learning of the classroom rarely is used 
directly but must be transferred from 
abstract formulations to concrete situa- 
tions in order to be used at all. But 
the process that assumes the highest sig- 
nificance in human learning receives 
only the most desultory attention in 
learning psychology. 

James measured the time it took him 
to learn 158 lines of Hugo’s Satyr as a 
pretest of memory and then spent a 
month memorizing Milton’s Paradise 
Lost. He then memorized another 158 
lines of the first poem and found that 
it actually took longer than the first 
effort. This study still stands as a con- 
vincing demonstration that memory is 
not an independent faculty that can be 
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trained in and of itself. Thorndike’s 
systematic study assessed the transfer 
potential of different high school sub- 
jects to performance in a general test of 
“selective and relational thinking.” The 
test results showed only small effects 
attributable to the different subjects, 
with no marked advantage accruing 
from any particular course. These find- 
ings, which have been confirmed by 
other investigations, emphasize James’s 
conclusion that practice in verbal learn- 
ing does not improve a general learning 
ability and show that formal discipline 
in education cannot be depended on to 
produce a general increment in mental 
ability. 

On the other hand, it has been demon- 
strated that general improvement in 
learning can occur following systematic 
training in good learning methods or 
general principles. Woodrow (1927) 
compared two groups of subjects with 
a control group in memory tests. One 
experimental group had practiced mem- 
orizing poetry and nonsense syllables 
while the other group spent the same 
amount of time receiving instruction in 
memorizing techniques and applying 
them in exercises. This latter group 
showed marked improvement over both 
the control group and the drill group. 
Judd (1908) had two groups of boys 
practice shooting targets underwater, but 
one group was first taught the principles 
of light refraction. Both groups learned 
to shoot at the initial target about 
equally well but the instructed group 
transferred much more readily to a tar- 
get located at a different depth. Similar 
results were reported by Katona (1940) 
relative to teaching principles of doing 
geometric puzzles and other tricks. It 
generally is concluded from studies of 
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this sort that abstract and symbolic 
knowledge can facilitate the learning of 
new specific skills. Thorndike’s research 
may have punctured the pretensions of 
formal discipline adherents, but it did 
not negate the fact that general symbolic 
learning and knowledge of its rules 
transfer regularly to specific cases. 


Similarity Factors 


In experiments on learning transfer, 
it is not always possible to predict in 
advance whether positive or negative 
effects will occur. For example, in studies 
of transfer in skill learning, Webb 
(1917) found that performance in learn- 
ing a maze was greatly improved in 
subjects who had had prior experience 
in learning a maze. However, Cook 
(1941) found that mirror tracing in one 
position resulted in marked negative 
transfer to mirror tracing in another 
position. In other cases there are small 
or negligible interactions between 
learned skills. 

One of the first attempts to analyze 
the conditions determining transfer was 
a study reported by Thorndike and 
Woodworth (1901), who tested percep- 
tual transfer in learning to estimate 
areas, lengths, and weights. Their gen- 
eral finding was that improvement due 
to transfer was undependable and usu- 
ally slight. Later Thorndike (1913- 
1914) crystallized his interpretations of 
learning transfer by proposing that, “A 
change in one function alters any other 
only in so far as the two functions have 
as factors identical elements.” This 
theory of identical elements does not, 
however, predict whether the influence 
will be positive or negative. Although 
it implies that identical elements will 
promote positive transfer in some types 
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of situations, there are other situations 
described in the psychological literature 
in which, “the greater the similarity, the 
greater the interference.” Obviously a 
more careful analysis is needed to pre- 
dict transfer effects. 

Many of the difficulties posed in this 
area seem to have been resolved by dis- 
tinguishing between stimulus similarity 
and response similarity in the different 
learning tasks. Wylie (1919) stated that 
transfer will be positive if an old re- 
Sponse is associated with a new stimulus 
but negative if a new response must be 
associated with an old stimulus. Al- 
though this generalization is still ac- 
cepted as a limited statement of the case, 
it has been followed by many efforts to 
clarify what happens when stimuli and 
responses are varied independently or 
simultaneously. 

; There are a number of studies show- 
ng that the amount of transfer or the 
degree of recall varies directly with the 
degree of stimulus similarity. For ex- 
ample, Yum (1931) had subjects re- 
Spond with four-letter words to hyphen- 
ated nonsense syllables and then intro- 
duced stimulus variations by changing 
one or more letters in the nonsense 
syllables. These changed syllables were 
then classified by raters according to 
their degree of similarity to the original 
syllables. Similar procedures were fol- 
lowed with visual figures. When a series 
of Stimuli ranging from identity through 
ifferent degrees of similarity was used 
to test recall, a progressive decrease in 
the percentage of responses recalled was 
ound, as shown in Figure 16.1. Similar 
findings have been reported by Gibson 
(1939) for tactual vibratory stimuli. 

te en stimuli are kept constant and 

PoOnses varied, the effects are not as 


409 


PERCENT 
RECALLED 


Visvol Figures 


Verbo! Stimuli 
“9 


20 


Moderote 


Identicel 


Close 
DEGREE OF SIMILARITY 


Figure 16.1. Degree of recall as influenced 
by stimulus similarity. (Data from Yum, An 
experimental test of the law of assimilation. 
J. exp. Psychol., 1931, 14, 68-82.) 


clear-cut. In general, changing the re- 
sponses produces an interference or neg- 
ative transfer effect, but in some cases 
facilitation has been observed in the 
form of reduced learning time for the 
test material (Underwood, 1945). This 
has been attributed to general practice 
effects in the particular type of learning 
being tested. There is general agreement, 
however, that with identical stimuli and 
changed responses, one can expect nega- 
tive transfer that becomes greater as the 
responses become less similar. 

Even more complicated relationships 
are obtained when both stimuli and re- 
sponses are varied. Gibson (1941) 
showed that the amount of positive 
transfer decreased with increasingly 
similar stimuli if the responses were dif- 
ferent, and other data indicate that the 
amount of transfer increases (or nega- 
tive transfer decreases) as the responses 
become more similar. Thus, in this type 
of analysis, the transfer function is a 
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complex one in which the influence of 
stimulus similarity depends on response 
variation. Inasmuch as most learning in- 
teractions involve changes in both stim- 
ulus and response conditions, it is read- 
ily apparent why transfer effects are so 
unpredictable. 

In studies of so-called similarity fac- 
tors, there is no general agreement as 
to what constitutes similarity. The many 
empirical definitions include physical 
dimensions of change, the number of 
identical elements in two sets of ma- 
terials (for example, letters, syllables, 
or words retained in verbal material), 
variations in meaning, variations in 
spelling, degree of association value, 
and similarity of task and operation. 
Many of these variables would have to 
be assessed separately for each new 
situation and consequently do not lend 
themselves to general formulations. Even 
when a measurable dimension is chosen 
to define similarity, it may lead to am- 
biguous results and misinterpretations of 
data. The extensive literature on stim- 
ulus generalization will illustrate this 
last point. 


Stimulus Generalization 


Pavlov (1927) himself made the first 
observations on stimulus generalization 
in conditioned response learning, noting 
that dogs trained to salivate to a tactual 
stimulus at a certain point on the skin 
gave decreasing amplitudes of response 
as the distance increased between the 
original point and the test point. Similar 
generalization effects have been observed 
in responses conditioned to tones and 
tested with tones of different pitch (Hov- 
land, 1937a) and loudness (Hovland, 
1937b). Analogous generalization effects 
also occur in discrimination learning 
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and have been demonstrated for visual 
and other stimuli. The form of the gen- 
eralization gradient is not definite, as it 
has been reported in various studies to 
accelerate negatively, to accelerate posi- 
tively, and to follow a linear course. 
Yet these studies have seemed to indicate 
that generalization is a definable func- 
tion along some measurable stimulus 
dimension and as such can be used to 
predict transfer effects in learning. 

There are some phenomena of learn- 
ing transfer, however, that are not han- 
dled at all well by the generalization 
hypothesis. For one thing, the many 
examples of negative transfer are not 
effectively covered, nor is the occurrence 
of cross-modal generalization explained. 
It has been shown that animals trained 
to respond to a visual stimulus some- 
times generalize their response to an 
auditory stimulus, both in discrimina- 
tion learning situations (Smith, 1936) 
and in conditioning (Wing and Smith, 
1942). Inasmuch as sights and sounds 
cannot be placed on an ordinary stimu- 
lus similarity continuum, we must as- 
sume that these transfer effects are based 
on other aspects of behavior organiza- 
tion. Further, although animals often 
will generalize a learned visual response 
to an auditory stimulus, they rarely will 
generalize from auditory to visual. There 
are more factors to be considered in 
transfer than limited features of the 
stimulus or the response. 

Another area that is handled poorly 
by the similarity analysis is the type of 
research known as transposition experi- 
ments. Learning theorists in the Pav- 
lovian tradition have argued that learned 
responses are associated with absolute 
characteristics of the stimulus (Spence, 
1936), although demonstrations of 
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transposition seem to show that dis- 
crimination learning involves respond- 
ing to the relation between stimuli. For 
example, Kéhler (1918) demonstrated 
that hens trained to peck for grain on 
the darker of two gray papers usually 
would choose the darker of any new 
pair even when the original positive 
choice was paired with a still darker 
paper. Similarly, Kliiver (1933) 
onstrated that monkeys would transpose 
choices of a heavier box or a larger 
box to new stimulus pairs, although the 
relative judgment sometimes gave way to 


dem- 


what appeared to be an absolute judg- 
ment. The breakdown of transposition 
behavior under certain circumstances 
has led to a long theoretical controversy 
in which the absolutist position repre- 
sented by Spence (1937) has been that 
the combination of generalized excita- 
ion and generalized inhibition induced 
by discrimination learning could lead to 
what appears to be relational transfer. 
This interpretation never has been ac- 
cepted by the relational or gestalt theo- 
"sts, and indeed there is evidence that 
transposition behavior does not break 
©wn in human individuals old enough 
to symbolize the relationship verbally 

Kuenne, 1946). 

Aside from indicating that learning 
transfer sometimes may be based on re- 
Sponse to relationships rather than ab- 
Solute stimulus qualities, the transposi- 
Hon experiments have done little to solve 
the transfer enigma: while another type 
of animal discrimination study has led 
to even greater ambiguity. A long series 
of studies of form discrimination pre- 
sumably demonstrated a high order of 
oe abstraction and transfer in 
™rahuman animals. It has been con- 
cluded that rats can develop form “con- 
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cepts” (Fields, 1932), and that mon- 
keys show “abstractive performance” 
(Révész, 1925). Lashley (1938) re- 
ported results that throw doubt on this 
type of interpretation. He found that 
rats trained to jump to a square paired 
diamond would transfer to a 
stimulus pair showing the lower halves 
of the original figures but not to a pair 
showing the upper halves. Also rats 
which learned to discriminate an upright 
from an inverted triangle when the two 
were presented as solid white figures on 
a black ground transferred to white line 
figures on black but did not transfer to 
black figures on white. 

The true limitations of animals in 
transferring learning on the basis of 
perceptual abstractions were demon- 
strated by Gentry et al. (1954, 1956), 
who trained monkeys, children and 


with a 


adults on two series of stimulus pairs. 
One set of paired forms was haphazardly 
arranged so that the positive and nega- 
tive choices of each pair had to be 
learned independently. The other set 
constituted an equivalent series which 
always presented a triangular form of 
some sort as the correct choice. Dif- 
ferent groups of subjects were trained 
in the two different series in order to 
determine whether the conceptual simi- 
larity in the equivalent series would 
make it easier to learn than the hap- 
hazard series. 

The learning data from this experi- 
ment for two groups of monkeys and 
two groups of human adults are plotted 
in Figure 16.2. The monkeys showed ab- 
solutely no evidence of stimulus general- 
ization or transfer based on the concept 
of triangularity. The human adults using 
the equivalent series quickly detected 
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Figure 16.2. Learning curves for monkeys 
and human adults showing correct discrimina- 
tions of haphazard stimulus pairs and “equiva- 
lent” pairs, in which the correct choice always 
was a triangle. The monkeys showed no ability 
to transfer learning based on the abstract 
geometric concept which permitted the adults 
to learn a series in two trials. (Based on 
Gentry et al. Studies in abstractive generaliza- 
tion: comparison between performance of the 
macaque and the human adult on the same 
problem. USAF Sch. aviat. Med., Rep. No. 12, 
1954.) 


the correctness of triangles and achieved 
perfect discrimination scores in a matter 
of two or three trials. Four- and six-year- 
old children performed no better than 
the monkeys with the haphazard series 
but showed some transfer effect in the 
equivalent series. Twelve-year-olds_ per- 
formed about as well as adults. 

The meaning of these results for a 
general understanding of transfer phe- 
nomena is that similarity and equiva- 
lence may not mean the same thing for 
two different organisms. As a rule, char- 
acteristics of the stimulus and the re- 
sponse cannot be considered separately, 
for neither exists separately in behavior. 
We also must remember that in multi- 
dimensional response patterns transfer 
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effects can occur at different levels of 
movement specialization. An animal that 
learns to respond to a light may show a 
generalization gradient to lights of dif- 
ferent intensities, but it also may trans- 
fer its learned response at full strength 
to the sound of a buzzer. Demonstra- 
tions of cross-modal transfer indicate 
that stimuli to which an animal responds 
readily may be integrated readily into 
a situational habit pattern once it is 
learned. 

The main result of these generaliza- 
tion studies is to reveal the general in- 
adequacy of the similarity concept in 
transfer situations. To understand gen- 
eralization or transfer, we need a more 
sophisticated understanding of stimulus- 
response commonality than has been 
offered heretofore under the similarity 
label. Such an understanding must in- 
volve an analysis of both receptor cyber- 
netics and of sensory-feedback control 
of multidimensional behavior. A learned 
response involves more than one type of 
movement and thus is regulated by more 
than one type of stimulus. Defining 
similarity in terms of one stimulus di- 
mension or in terms of one aspect of the 
total response pattern is useful only 
when other contributing factors can be 
kept relatively constant—a situation that 
is difficult to achieve even under experi- 
mental conditions. When a major change 
is made in the performance situation, 
transfer is determined by similarities 
and differences in the control patterns 
that are used in the two situations. 


CYBERNETIC ANALYSIS 
OF TRANSFER 


The cybernetic view of behavior or- 
ganization suggests a new basis for 
understanding similarity between two 
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learning situations. If behavior is a con- 
tinuous, closed-loop control process, the 
stimuli and responses involved should 
not be abstracted from the process and 
considered as independent entities but 
should be recognized as interrelated 
events in the feedback loop. Similarity 
between activities and thus the degree 
and kind of interaction between them 
depends not on isolated stimuli or iso- 
lated motor responses alone, but on re- 
lationships between over-all patterns of 
control, 

We assume that transfer can take place 
When the learning and generalization 
Situations incorporate some common fea- 
ture of cybernetic control, either in the 
Specialized activities related to the con- 
trol of receptor input or in those in- 
volved in the motion patterns used in 
the two situations. For example, the dif- 
erent sensitizing, orientative, and vigi- 
lance activities involved in feedback reg- 
ulation of receptor input define what 
have been called perceptual attitudes or 
learning sets. Similarities in the spe- 
Cialized perceptual activities used in dif- 
ferent learning situations help define 
transfer effects. Transfer effects also de- 
Pend on similarities in response patterns 
Specialized in terms of their component 
make-up and the way their movement 
Somponents are integrated into over-all 
Control patterns. Response similarities 
Cannot be defined in terms of one feature 
of a total motion pattern. Writing one’s 
name on a horizontal surface is a dif- 
‘rent response from writing it on a 
Vertical surface. Writing it while seated 
With the arm supported is a different re- 
Sponse from writing it while standing 
tn no arm support. Each of these re- 
SPonses is controlled by its own special- 
Wed feedback patterns, and the similarity 
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of one to another depends not just on 
focal stimuli or responses but on the 
spatial organization of the multidimen- 
sional control processes. Other features 
of feedback control, such as physiologi- 
cal perturbation, also play a part in re- 
sponse specialization and thus help de- 
fine transfer. 

In order to understand transfer, we 
must understand something of what is 
involved in response specialization, of 
the different kinds of interactions that 
can occur between components of a mo- 
pattern, and of the differential 
learning and transfer effects that can 
occur in multidimensional skills. In this 
section, we shall describe several dif- 
ferent kinds of experiment that bear on 
these problems. However, we want to 
point out at the outset that, in our opin- 
ion, predicting transfer effects in spe- 
cific situations always will present diffi- 
culties because of the complexities in- 
volved in multidimensional cybernetic 
control and man’s flexibility in shift- 
ing and modifying his patterns of 
control as a result of practice or of 
changed conditions. Further, predicting 
specific transfer effects is hampered 
by wide individual differences that exist 
in the control patterns used in certain 
tasks. 


tion 


Component Movement 
Specialization 

Developmental studies indicate that 
component movements used in both re- 
ceptor control and bodily motion be- 
come specialized to some extent during 
the course of maturation. Further, stud- 
ies of motion organization show that the 
different movement mechanisms inter- 
act in characteristic ways in perform- 
ance. Posture provides a relatively stable 
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context of action within which more dy- 
namic and detailed movements are or- 
ganized. Transport movements are di- 
rectly dependent on the postural base 
for their direction, force, and timing. 
Conversely, the performance of a dy- 
namic travel movement instigates shifts 
in posture so that the gravitational 
balance of the body is maintained. Anal- 
ogous reciprocal relationships hold be- 
tween transport and manipulative move- 
ments. While the manipulative move- 
ments may be more detailed and refined, 
their execution usually depends on 
preparatory transport action while the 
whole pattern is supported by the pos- 
tural base. Thus the performance of a 
precise skill involves not only the fine 
manipulation itself, but its smooth co- 
ordination with transport and postural 
actions of the arms and body. 

The intrinsically organized control 
patterns of movement components not 
only define and delimit the course of 
learning but also determine how a 
learned specialization will transfer to a 
new situation. In patterned behavior, 
postural and transport movements are 
relatively generalized actions which are 
not greatly altered by practice. It is in 
the manipulative movements that the 
greatest degree of learning change and 
specialization occurs. Thus in a new re- 
sponse configuration, the manipulative 
component, being the most specialized, is 
the least likely to generalize or transfer. 

Studies have shown that manipulation 
and travel components of different tasks 
may show markedly different learning 
and transfer functions. Differential learn- 
ing effects are relatively more pro- 
nounced for simple sequentially or- 
ganized patterns of behavior than for 
complex motion patterns in which vari- 
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Figure 16.3. 


A panel-control motion ana- 
lyzer used to study movement components and 
response interaction in learning and transfer. 


ous types of interaction occur between 
different components. 

The motion analyzer shown in Figure 
16.3 was used to analyze the movement 
components of a panel-control task in 
which the subjects manipulated various 
switches in specified patterns. In a first 
study, the learning curves shown in 
Figure 16.4 were obtained for a simple 
angular motion pattern. The travel 
movement showed almost no learning 
change but the manipulative movement 


Figure 16.4. Learning differential for the 
components of a simple sequential panel-con- 
trol task. 
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Figure 16.5. Learning differential for the 
manipulation and travel components of a dial- 
Setting task. (Based on Hecker et al. Dimen- 
Stonal analysis of motion: X. Experimental 
evaluation of a time-study problem. J. appl. 
Psychol., 1956, 40, 220-227.) 


changed significantly and continuously 
throughout the fifteen days of practice. 

With more complex or more precise 
tasks, the discrepancy between manipula- 
Hon and travel curves was less marked 
(Hecker et al., 1956). Figure 16.5 shows 
the practice curves of twenty-four sub- 
jects who learned a dial-setting task in 
which they were required to make suc- 
Cessive precision settings on eight dials. 
The curves represent average scores for 
three trials per day on four successive 
ays. Although the learning curves for 
Component movement time are signifi- 
cantly different, they are much more 
Stmilar than the curves in Figure 16.4. 
Y increasing the spatial precision of 
the Manipulative movement, we struc- 
tured a situation where the travel move- 
Ment too became subject to marked 
€arning change. 
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Other studies have produced similar 
results showing that an increase in the 
spatial complexity of a motion pattern 
generally increases the degree of move- 
ment interaction within it and thus re- 
duces the learning differential between 
components. For example, in a simple 
pin-assembly task where a motion ana- 
lyzer was used to time the separate 
grasp, loaded transport, position, and 
empty travel movements of the assembly 
cycle, the grasp component showed a 
marked learning effect with practice 
whereas the position and travel com- 
ponents showed little or no learning 
change (Smader and Smith, 1953). Im- 
posing a discrimination on the assembly 
cycle, however, increased the amount of 
learning differentially in different com- 
ponents depending on the location of the 
discrimination (Simon, 1956). When the 
discrimination was within the position 
component, more learning occurred in 
the grasp and position components. 
When the cue was in the loaded travel 
component, both of the travel move- 
ments and the grasp movement showed 
more learning change. In general, in- 
creasing the reactive complexity of the 
assembly task or increasing the pre- 
cision of movement required to position 
may cause all components to display 
significant learning changes. 

The manipulation and travel compo- 
nents of sequential response patterns 
show not only learning differentials but 
also marked differences in transfer ef- 
fects. In a study of transfer differen- 
tials, four different panel-control tasks 
were used which differed only in the 
pattern of their travel movements, as 
diagramed in Figure 16.6 (Von Trebra, 
1951). In each case, nine switches were 
to be turned in the order indicated. Each 
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The panel-control task patterns used to study transfer differentials. 


(From Von Trebra and Smith. The dimensional analysis of motion: IV. Transfer 
effects and direction of movement. J. appl. Psychol., 1952, 36, 348-353.) 


group of subjects practiced one task pat- 
tern for eight days and then was tested 
on the other three patterns. Transfer 
indexes, as indicated in Figure 16.7, 


Figure 16.7. Indexes of negative and posi- 
tive transfer for manipulation and_ travel 
movements between tasks differing in their 
pattern of travel movements. Each training 
group was tested for transfer on the three 
other patterns of motion. (Based on Von 
Trebra. Learning and transfer effects in hu- 
man manual motion in relation to direction of 
movement. Unpublished master’s thesis. Uni- 
versity of Wisconsin, 1951.) 
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showed seemingly irrational variability. 
Inasmuch as the manipulation movement 
was not changed in the four tasks, one 
might have expected consistent positive 
values for all of the manipulation trans- 
fer indexes. However, there is one nega- 
tive index and one approximating zero. 
The travel movements showed even more 
variable transfer effects. 

A partial explanation of the variability 
of these results comes from an examina- 
tion of the learning data. Travel move- 
ments for patterns I and III were fastest 
throughout learning but manipulation 
movements for patterns II and IV were 
fastest and showed the greatest decrease 
during training. In other words, the per- 
formance patterns with the slowest travel 
movements had the fastest manipulation 
movements. These reciprocal relation- 
ships complicate what might otherwise 
appear to be a fairly simple training- 
transfer situation and undoubtedly con- 
tribute to the variability of the results. 

A study such as this emphasizes the 
importance of intrinsic characteristics of 
motion coordinations in determining 
performance, learning, and transfer. It 
appears that the different movement pat- 
terns used in this experiment were not 
equivalent for the performing individual 
and as a result we got learning and trans- 
fer differentials. An interesting sidelight 
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of this experiment points up the in- 
fluence of intrinsic organizational fac- 
tors even more strongly. The four groups 
of subjects were given transfer tests for 
both left-handed and right-handed per- 
formance. The right-hand scores were 
used to compute the transfer indexes 
described above but further comparisons 
were made between right-hand and left- 
hand performance on the test patterns. 
More often than not, performance was 
better on a transfer pattern with the left 
hand than with the right. That is, train- 
ing with the right hand on a given pat- 
tern produced faster left-hand perform- 
ance than right-hand performance on 
the other patterns. Although we cannot 
offer a complete explanation of this ef- 
fect, we assume that it involves psycho- 
physiological factors in the bilateral mo- 
Hon systems of the body. 


Correlating Component Movements 


; An important aspect of the transfer 
Interaction is that two different move- 
ments can affect each other in different 
ways. They can correlate with one an- 
other, complement one another, com- 
Pensate for one another, or oppose one 
another. In these interplays, the dif- 
ferent reaction components may possess 
different relative generality in new situa- 
Hons, so that the transfer effect is not 
uniform, 

One way to explore the relationships 
2Mong movement patterns and move- 
Ment Components is by means of cor- 
relational procedures. In applying this 
method, we have measured the dura- 
“ons of component movements in many 

ifferent reaction patterns and then have 
determined how different kinds of move- 
ments correlate with one another and 

Ow the level of correlation is affected 
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by the nature of the reaction pattern, the 
progress of learning, and other varia- 
bles. 

In general, these studies have shown 
extremely low correlations between ma- 
nipulation times and travel times—cor- 
relations which tend to decrease with 
practice. There was evidence that the 
interrelation between the two types of 
movements increased with the com- 
plexity of the task. However, in some 
cases the correlations were negative, in- 
dicating a compensatory relationship be- 
tween travel times and manipulation 
times. Higher correlation values usually 
were obtained between similar compo- 
nents in different tasks than between 
different components of the same task. 

In a correlational study of handwrit- 
ing movements, large individual differ- 
ences were noted. High positive correla- 
tions between movement components 
were found for some individuals and 
negative or chance correlations for 
others. 

The movement correlation studies in- 
dicate that movement components inter- 
act in different ways in different situa- 
tions and in different individuals. This 
greatly increases the complexity of trans- 
fer effects, for the influence of one re- 
sponse on another varies with many dif- 
ferent factors of motion organization. 
We have reason to believe that the level 
of interaction between the components 
of a motion pattern increases with in- 
creased complexity, but this relationship 
may be obscured by individual differ- 
ences in the pattern of integration. Some 
individuals show a direct or positive re- 
lationship whereas other individuals 
show a negative or compensatory rela- 
tionship. It may be true that movements 
are more highly integrated in complex 
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tasks, but the pattern of integration var- 
ies. Thus, the transfer potentialities of 
some learning situations are defined not 
only by apparent similarities between 
stimuli and responses but also by the 
way component movements are coordi- 
nated within particular individuals. 
Experiments such as we have de- 
scribed in this section and many other 
observations on psychomotor skills have 
led to the formulation of some definite 
ideas about different ways in which com- 
ponents from a Jearned reaction pattern 
can interact with different kinds of com- 
ponents in a transfer task. The individ- 
ual brings to a new task certain integra- 
tions related to over-all patterning and 
timing by means of which he has main- 
tained control over similar tasks in the 
past. In order to establish control over 
the new task, he may adjust transferred 
movements (for example, travel com- 
ponents) to the demands of the new 
movements (for example, manipulative 
components) in several different ways; 
or he may experience interference. The 
principle ways in which old and new 
components can interact, as illustrated 
in Figure 16.8, are these: (1) direct 
correlation; (2) complementary inter- 
action, in which one movement supports, 
follows, or has a dependent relation to 
another; (3) compensatory interaction, 
in which one component corrects for or 
negates some weakness or limitation of 
another; and (4) opposition, in which 
one response directly opposes or inter- 
feres with the newly learned response. 
Our correlational data show that vari- 
ous patterns of coordination are estab- 
lished in psychomotor tasks and that 
they vary with the complexity of the task 
as well as the level of learning. The 
level of correlation between the com- 
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Figure 16.8. Dynamic patterns of response 
interaction in learning, transfer, and memory. 
Dotted arrows represent previously learned 
movements and solid arrows, newly learned 
movements in: direct correlation; comple- 
mentary relationship, where the transferred 
response supplements or fills in for some limi- 
tation of the newly learned movement; com- 
pensation, where the transferred response op- 
erationally corrects for some feature of the 
newly learned movement; opposition, where 
the transferred response directly opposes oF 
interferes with the newly learned response. 


ponents of very simple sequential re- 
Sponse patterns is very low at the outset 
and tends to decrease with learning. 
However, correlations between move- 
ments of the same kind in different tasks 
tend to increase with practice. This in- 
dicates an intertask commonality among 
similar components—a parallelism be- 
tween travel components in similar tasks 
and between manipulative components. 
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One would expect from these effects to 
find positive transfer effects between 
tasks with the same over-all space pat- 
terning, even if the manipulations are 
changed considerably. 


Specialization of Feedback Control 


One of the most significant assump- 
tions of a cybernetic analysis of transfer 
is that responses become specialized in 
terms of spatial properties of their feed- 
back-control patterns. This assumption 
applies to unaided movements as well as 
to more complex instrumental and sym- 
bolic reactions which involve transfor- 
mations of feedback properties. 

An experiment described in part in 
Chapter 14 provides striking evidence of 
the relation of movement specialization 
in learned performance to spatial varia- 
Hons in the feedback pattern. Four 
Sroups of subjects traced the star maze 
shown in Figure 14.14 under four dif- 
ferent displaced feedback conditions. An 
electronic motion analyzer recorded time 
of performance in the eight different di- 
rections of movement defined by the 
Segments of the star. Each subject per- 
ormed twenty-four trials per day for 
four days, half clockwise and_ half 
Counterclockwise. The starting point was 
varied systematically by subject. Thus, 
the differences in speed in the different 
Star segments could be attributed to the 
Varying spatial relationships of the 
Movements and their visual feedback. 

For each displacement condition, 
there were eight separate time scores 
representing mean performance times 
for the eight directions of movement. 
._ © Various conditions are represented 
m Figure 16.9, where the arrows show 
Movement directions. Bars under the ar- 
tows indicate that the specific movement 
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conditions underlined were not signifi- 
cantly different from one another. Any 
two arrows not underlined by a common 
bar represent movements that differed 
significantly in duration at or below the 
0.05 level. It can be seen that the dif- 
ferent’ movement segments were least 
differentiated with normal feedback, 
somewhat more variant with reversed 
feedback, and most differentiated when 
the feedback was inverted or inverted- 
reversed. 

This experiment shows how simple 
movements of length are 
learned differentially according to their 
varying spatial relationships with the 
body and the visual feedback of per- 
formance. Eight variations in movement 
direction and four different feedback 
conditions produced dozens of differ- 
ential effects in the time needed to trace 
a maze segment of constant length. Fur- 
ther, the differences became more sig- 
nificant during the course of learning. 
When we realize that more than eighty 
significantly different performances were 
induced by thirty-two combinations of 
visual orientation and movement direc- 
tion, we begin to appreciate the count- 
less possibilities for specific space-struc- 
tured sensory-feedback interactions that 
might exist under ordinary conditions of 
behavior. The nearly limitless spatial re- 
lationships that might occur seem to 
provide an adequate basis for the equally 
unlimited distinct responses that can be 
learned and retained independently. 


constant 


Another type of evidence for spatial 
specificity of learned responses comes 
from studies of displaced vision. In two 
studies of human adaptation to visual 
inversion and reversal produced by ex- 
perimental spectacles, some of the spe- 
cific performances learned during the 
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Figure 16.9. 
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formance time for movements in different directions under conditions of normal, 
reversed, inverted, and inverted-reversed visual feedback. Arrows not underlined by 
a common line indicate movements that differed significantly in duration. 


period when the spectacles were worn 
were tested long afterward, eight months 
in one instance (Peterson and Peter- 
son, 1938) and two years in the other 
instance (Snyder and Snyder, 1957). 
It was found that the subjects retained 
their specific performances learned with 
inverted vision almost perfectly, even 
though no practice with the experi- 
mental displacement condition was given 


during the intervening months. This evi- 
dence contradicted the assumption that 
had guided the design of most of the 
displaced vision experiments, namely, 
that subjects should wear the experi- 
mental optical devices continuously to 
avoid interfering with their adaptation 
to displacement by periods of normal 
vision. 

We made a direct test of this assump- 
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tion by comparing adaptation to op- 
tically produced inversion with contin- 
uous and intermittent exposure (Smith 
and Smith, 1962). One group of sub- 
jects practiced handwriting in an in- 
verted visual field for short intervals on 
twenty different days, while another 
group practiced the same total amount 
of time all on one day, during which 
time no normal vision was allowed. Ex- 
cept for transitory initial differences, 
movement times for these two groups 
Were nearly identical. Shifting back and 
forth daily between inverted and normal 
vision did not interfere with adaptation 
to inverted feedback. 

In a similar study, a control group of 
five subjects traced the grooved star 
maze with inverted-reversed feedback 
for one-half hour per day for twenty 
days while an experimental group per- 
formed the same task for fifteen minutes 
each day and spent the other fifteen 
minutes practicing with normally ori- 
ented feedback. Performance of the ex- 
perimental group was somewhat superior 
to that of the control group, indicating 
that alternating the feedback conditions 
did not interfere with each specific 
learning task. 

A further study tested the extent to 
Which specialized reading training in an 
inverted visual field would facilitate 
subsequent learning of writing tasks in 
the inverted field (Rhule and Smith, 
1959a). Twelve subjects received pre- 
training in inverted reading for five 
days while twelve others received no 
Pretraining. When tested on handwriting 
tasks in an inverted visual field, the 
8roups showed no significant differences 
™m performance. These results support 
the view that learning carried out under 
©xperimental visual displacements is spe- 
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cific to the motions and feedback condi- 
tions involved. 

The implication of all of these experi- 
ments is that responses become special- 
ized and thus achieve an independent 
status in the behavior repertoire in 
terms of their spatial properties and 
feedback organization. However, be- 
cause behavior is multidimensional, the 
spatial properties of one component are 
never independent of the other com- 
ponents. Because behavior is continuous, 
its spatial properties at one moment are 
never independent of its preceding 
spatial organization. Thus to understand 
how a response is organized and to pre- 
dict its transfer potential to a new situa- 
tion we must analyze the patterning of 
all components and their interactions in 
the complete motion pattern. We say 
that responses become specialized during 
learning, but this specialization involves 
sensory-feedback interactions that con- 
trol each component in relation to the 
others. A specific manipulation, for ex- 
ample, does not become an independent 
response entity but achieves its identity 
in a larger transport and postural con- 
text. In a different movement context, 
the manipulation has a different identity 
deriving from its sensory-feedback inter- 
actions in the motion pattern. 


Neuronic Interpretation 
of Interference 


Any theory of response specialization 
and generalization inevitably must cope 
with the phenomena of response inter- 
ference. The interference effect some- 
times has been known as inhibition, but 
inasmuch as no satisfactory account of 
the inhibitory process has been pro- 
posed, putting this label on interference 
phenomena has not served to clarify 
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them. No learning theory ever has ex- 
plained how a learned reaction can in- 
teract at some later time with responses 
which must be made in a transfer situa- 
tion. 

In our opinion, these temporal inter- 
actions are due to the spatial relation- 
ships between the feedback patterns 
involved in the two situations. We inter- 
pret response interaction in spatial 
terms and conceptualize both excitation 
and inhibition in performance, learning, 
and memory as being due to neuronic 
rather than synaptic integrative proc- 
esses. 

In Chapter 8, we discussed briefly our 
general ideas about the nature of in- 
hibitory phenomena as manifested in 
differential sensitivity and relative re- 
sponse strength. We pointed out that 
phenomena of relative sensitivity usually 
are thought to involve neural inhibition 
which reduces the sensitivity of certain 
sensory sources relative to others. The 
same type of explanation usually is of- 
fered for temporal inhibition, in which 
the effects of a given auditory, tactual, 
or visual stimulus are reduced if it is 
preceded by another stimulus that pre- 
empts the sensory mechanism. Another 
effect ascribed to inhibition is the rela- 
tive dominance of one movement over 
another in compound motion patterns. 
For example, in bilateral manual opera- 
tions, the action of one hand blocks or 
inhibits action of the other unless it is 
used in a subordinate way. 

One of the advantages of our neuronic 
concept of neural function is that it can 
be extended to a meaningful interpre- 
tation of inhibition and response inter- 
ference. Our basic idea is that the nerv- 
ous system if it is to function as a 
closed-loop control system must have 
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built-in mechanisms by means of which 
it can block some afferent input channels 
relative to others. Yet we assume that in- 
dividual neurons are permissive detec- 
tion mechanisms that respond if a stim- 
ulus differential exists at their dendrite 
points. However, such a neuron could 
be rendered inactive—that is, inhibited 
—even when a stimulus differential ex- 
ists if a new stimulus were introduced 
to equalize the two stimulus sources. 

In our opinion, this equalizing or in- 
hibitive function is carried out by spe- 
cial internuncial collateral cell mecha- 
nisms that operate to match the effects 
of stimulation on other neurons. Col- 
lateral cells are known to exist in the 
retina and in other receptor systems, 
and we assume that they exist in all 
neural centers to inhibit or interfere 
with some neural pathways in favor of 
others in close spatial proximity. This 
concept of neuronic inhibition is dia- 
gramed in Figure 16.10. In these draw- 
ings, active neurons or receptor cells 
are indicated by speckled cell bodies, 
and inactive cells are indicated by black 
cell bodies. The arrows at the left in- 
dicate sources of stimulation. In 16.10a, 
the primary internuncial neuron in the 
center responds because it is stimulated 
at one point while the other point re- 
ceives no stimulation. In 16.10b, the 
internuncial neuron-at the bottom re- 
sponds in this same way while the one 
at the top is rendered inactive by stim- 
ulation from a collateral cell. The col- 
lateral cell is activated differentially by 
the same source that stimulates the pri- 
mary internuncial neuron. It then in 
turn stimulates the adjacent neuron, 
rendering it inactive by equalizing its 
two sources of stimulus input. If a num- 
ber of such primary detector cells of an 
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internuncial neurons. a. Excitation resulting from a stimulus at one of the dendrite 
endings of a primary cell. 6. Excitation of one cell and inhibition of an adjacent 
cell by means of collateral cell activity. The external input of the neuron at the 
top is matched by input from the collateral neuron so that no excitation occurs. 


afferent ganglion were inactivated in 
this Way, partial or graded inhibition 
Could occur. 

In our opinion, similar mechanisms 
exist throughout the brain to achieve 
Spatial or neurogeometric inhibition of 
Internuncial cells. We postulate that col- 
lateral cells which are excited by a dom- 
mant input source inhibit secondary 
Sources of stimulation by matching that 
level of stimulation. This mode of oper- 
ation is illustrated in Figure 16.11. In 

igure 16.lla, two equal sources of 
Stimulation result in two active path- 
Ways. In Figure 16.11b, one of the 
Sources is stronger than the other, caus- 
mg unequal states of excitation in the 
central nervous system. A collateral cell 
related to both of these pathways is ex- 


cited because of the stimulus inequality 
at its dendrite endings and inhibits the 
less dominant pathway by providing an 
input that equals that of the external 
source. 

Receptor-efferent collateral cells have 
been found throughout the main recep- 
tor systems of the body—in the skin, the 
eyes, and the ears—and very likely oc- 
cur in the other receptor systems as well. 
There also is convincing evidence that 
types of collateral efferent-afferent con- 
nections are found in the higher levels 
of the nervous system, for stimulation of 
efferent pathways has been shown to 
produce effects in afferent centers (Jab- 
bur and Towe, 1960; Magni et al., 
1959). Our neuronic interpretation of 
brain function regards these efferent- 
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tral nervous system. a. Excitation in two pathways resulting from equivalent ex- 
ternal sources. The collateral fails to respond because it receives two equal inputs. 
b. Inhibition of a pathway stimulated by the weaker of two external sources, The 
collateral cell responds because it detects a difference in level of excitation and 
matches the weaker input of the neuron at the bottom. 


afferent collateral connections as spe- 
cific feedback regulators which monitor 
different levels of the afferent pathways 
and serve as spatial inhibitors governed 
both by the state of stimulation and by 
response. 

The theory of spatial inhibition just 
described provides a meaningful inter- 
pretation of response interference in 
learning and transfer as well as phe- 
nomena of graded perceptual sensitivity. 
In this view, the interaction between a 
learned response and a reaction in a 
later transfer situation is defined in spa- 
tial terms. Thus, negative transfer effects 
might occur as a result of overlapping 
of the feedback patterns of the two ac- 
tivities. With identical feedback pat- 
terns, there would be facilitation, but 


with partial overlapping, there would be 
interference or inhibition. On the other 
hand, two specific reactions which do 
not overlap would not interfere with 
each other. Transfer studies provide 
evidence that close similarity of stimu- 
lus-response patterns may result in nega- 
tive transfer or lower degrees of positive 
transfer than less close similarity. 

This cybernetic or neuronic theory of 
interference or inhibition assumes that 
similarity and equivalence in a transfer 
situation must be defined in terms of the 
feedback mechanisms regulating sensory 
processes and motion patterns. However, 
cybernetic theory implies further that 
the individual as a self-controlled sys- 
tem regulates to some degree the specific 
spatial patterns used in any situation 
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and thus exerts a determining influence 
on what will be perceived focally and 
peripherally and what movements will 
be used in the control pattern. Thus it is 
assumed that interference can be min- 
imized by shifts in the regulatory pat- 
tern of motion. It follows that the more 
a situation can be brought under closed- 
loop control, the less the possibility of 
negative transfer. Conversely, the more 
behavior is a product of open-loop or 
external stimulus control, the greater the 
possibility of inhibitory interaction or 
interference between different learned 
Teactions. These ideas provide a cyber- 
netic interpretation of the establishment 
of learning sets. They also suggest an ex- 
planation of the elusive nature of the 
interference effect in transfer research 


(Bilodeau and Bilodeau, 1961). 
ASYMMETRICAL TRANSFER 


; One aspect of transfer of considerable 
interest in applied training psychology 
1s the asymmetry that sometimes is 
found in transfer between two tasks. 
That is, the level of transfer from one 
task to a second may be higher than 
the level of transfer from the second to 
the first. The problem is to discover 
What variable or variables are responsi- 
ble for this inequality. Any valid gen- 
eralization about the factors that de- 
termine relative effectiveness of transfer 
one direction or another would be 
useful in designing training situations. 
hat is, should a training task be easier 
than a performance task or more diffi- 
cult? Should it include all the parts or 
only some? Should it be simpler or 
More complicated? Answers to ques- 
Hons such as these are of great practical 
™Mportance for training design. 
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The Difficulty Variable 


The results of a number of transfer 
studies have suggested that asymmetrical 
transfer between tasks of varying diffi- 
culty favors the difficult-to-easy order of 
training. Given two related tasks, sub- 
jects who are trained on the difficult task 
are likely to transfer more to the easy 
task than subjects who follow the easy- 
to-dificult order. For example, in the 
study of direct and compensatory writ- 
ing illustrated in Figure 15.8, transfer 
tests showed that relatively greater de- 
grees of transfer occurred from com- 
pensatory to direct reactions with 
ninety-degree and one hundred and 
eighty-degree displacements but from di- 
rect to compensatory with 270 degrees 
(Smith and Smith, 1962). That is, 
the most effective training order for 
each displacement condition was the 
difficult-to-easy order. 

A careful survey of transfer studies, 
however, such as has been made re- 
cently by Holding (1962), shows that 
the relative effects of difficulty are in- 
consistent. Although some studies favor 
the difficult-to-easy order of training, 
others have produced results favoring 
easy-to-difficult. In Holding’s words: 


. the use of the concept of difficulty 
must give way to far more detailed anal- 
ysis of the appropriate skill, if asym- 
metrical transfer is to be successfully 
predicted. 


The Inclusion Principle 


One explanation of the difficulty ef- 
fect, where it applies, has been that a 
more difficult task contains more than an 
easy task and in some sense includes 
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within it elements or components of the 
easy task. This idea harks back to 
Thorndike’s theory of identical elements, 
although current interpretations do not 
require that the included elements be 
physically identical. 

The principle of inclusion can be ap- 
plied to many different instances of 
learning transfer: when the teaching of 
general principles transfers to specific 
instances (Judd, 1908; Katona, 1940) ; 
when greater transfer is obtained from 
multiple tasks than from single tasks 
(Duncan, 1958); when training in a 
whole task is shown to be superior for 
transfer to training in parts or training 
in a simplified whole (Briggs and 
Naylor, 1962). On the other hand, there 
are many clearcut instances of transfer 
which seem superficially to have little 
to do with inclusion or identical ele- 
ments, including ordinary demonstra- 
tions of stimulus generalization. 

If we are to apply either the con- 
cept of inclusion or the concept of sim- 
ilarity to transfer phenomena, we must 
define them not in terms of discrete 
stimulus and response characteristics of 
behavior but in terms of more dynamic 
features of response organization. The 
feature in a training situation that is in- 
cluded in a transfer task may be not a 
particular response unit but a cybernetic 
configuration. Or the similarity between 
training stimulus and transfer stimulus 
may have nothing to do with their physi- 
cal characteristics but may depend upon 
their function in the feedback-control 
loop. Thus a learned response elicited 
originally by a visual stimulus may 
transfer to an auditory stimulus which 
is presented at the proper point in the 
learned context. 
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The Precision Variable 


Many of the experiments that show 
greater transfer from easy to difficult 
tasks are studies of tracking, where level 
of performance is measured in terms of 
an accuracy or precision score rather 
than in terms of performance time, as in 
the experiment on direct and compensa- 
tory writing described previously. Often 
the easy tracking task as measured by 
precision transfers better to the difficult 
than vice versa. This has been demon- 
strated by Holding (1962) for tracking 
courses of different amplitudes and by 
other experimenters for different target 
speeds, although the latter results are 
inconsistent and ambiguous. Holding has 
suggested that there may be a tendency 
to carry over mean error size in transfer- 
ring from one task to another. This 
would result in better transfer from easy 
courses with small errors than from 
difficult courses with relatively larger 
errors. However, as Holding pointed out, 
this effect depends on the capacity of the 
subjects to track to the same degree of 
accuracy in both training and transfer 
tasks. 

Some data comparing transfer effects 
among direct, aided, and velocity track- 
ing are applicable here. As described in 
Chapter 7, direct tracking is the most 
precise of the three tasks and also might 
be called the easiest inasmuch as it pro- 
duces the best scores. Lincoln (1952) 
trained subjects in the three types of 
tracking and then tested transfer effects 
among all pairs of tasks. He found that 
transfer was better from direct to aided 
and from direct to velocity than from 
either aided or velocity to direct. Also, 
transfer was greater from aided to ve- 
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locity than from velocity to aided. In 
each case, the more precise task trans- 
ferred to a higher degree to the less 
precise task than vice versa. However. 
we are unwilling to attribute this effect 
to precision alone, for there are also 
differences in motion organization 
among the three types of tracking. In 
direct tracking. the subjects must control 
the larger motion of the cursor as well 
as make constant small corrections to 
stay on course. In aided and velocity 
tracking, the motor output by control- 
ling the rate function reduces the com- 
plexity of the subject’s motion pattern. 
His performance is less precise, but it 
also is less complicated in terms of its 
movement integrations. 


The Complexity Variable 


It is possible that both the difficulty 
effect and the precision effect in asym- 
metrical transfer can be included in a 
complexity variable. We hypothesize 
that, in general, when two tasks differ in 
the spatial complexity of their motion 
patterns, the complex-to-less-complex or- 
der of training will be superior. 

Our analyses of motion components 

ave shown that as the complexity of a 
Motion pattern is increased, its com- 
Ponent parts become more highly inter- 
related. We expect less transfer between 
complex patterns than between simpler 
Motion patterns because of the higher 
degree of specialization in intratask in- 
tegration in complex motions. 

On the other hand, we expect greater 
transfer from a complex to a simple task 
than from a simple to a complex task. 

i reason for this asymmetry can be 
rationalized in several ways. For one 
thing, a complex task involves more 
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among components than a simpler task, 
so that there is a greater probability 
that a learned specialization from the 
complex pattern will facilitate the simple 
pattern than vice versa. This is essen- 
tially a statement of the principle of in- 
clusion. The relationship also can be 
understood in terms of the spatial re- 
quirements of motion patterns of differ- 
ent levels of complexity. The complex 
pattern is integrated more precisely and 
thus involves a greater precision in feed- 
back control than the simpler pattern. 
This difference is manifested in a num- 
ber of ways, including the measured 
differences in normal range of angular 
displacement. As described in Chapter 
14, it can be shown experimentally that 
complex motions break down at a 
smaller feedback displacement angle 
than do simpler motions. When we con- 
sider the transfer potential between the 
complex and simple tasks, we assume 
that the motion that is learned and per- 
formed in a more precise spatial pattern 
will benefit the simpler pattern more 
than the less precise simpler pattern will 
benefit the complex. 

Possibly related to this general com- 
plexity principle is the idea that transfer 
will be superior when training involves 
more active participation of all the mo- 
tion systems of the body, assuming an 
efficient integration of the components. 
As an example, Gerall and Green (1958) 
studied the effects of changing the force 
required to operate the controls of a 
two-hand tracking task. When the train- 
ing torque of two pounds was changed 
to fourteen pounds, a large and per- 
sistent performance decrement resulted; 
changing from heavy to light produced 
only a small and transient decrement. 
Training with the heavier torque require- 
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ment may have been superior because it 
involved more complete participation of 
the individual in the task. Possibly the 
same sort of explanation could be ap- 
plied to Ammons and Ammons’ (1951) 
finding that bilateral transfer of a rotary 
pursuit skill was greater from the left 
hand to the right than from the right 
hand to the left. Right-dominant indi- 
viduals might become more totally in- 
volved in training the left hand than in 
training the right. 


Feedback Transformations 


The complexity of motion patterns to 
which we have referred repeatedly is not 
easily defined but undoubtedly is de- 
termined in part by the kinds and de- 
grees of feedback transformation which 
may be involved. Transformation effects 
are particularly important in determin- 
ing learning specialization and transfer 
in tracking, tool using, and complex 
machine operation. The feedback of a 
control movement such as ynight be used 
to steer a car or to operate a lathe can 
be transformed in various ways by the 
machine. It may be delayed, displaced 
spatially in different directions and dif- 
ferent dimensions, or distorted in some 
other way. Some transformations, as in 
aided tracking, involve changes in the 
manner of integrating movement com- 
ponents. The indeterminate nature of 
tracking transfer undoubtedly is due to 
the complexities introduced by feedback 
transformation and the resulting changes 
in movement integrations. 

The degree of specialization of ma- 
chine operations is related to the nature 
of feedback transformations introduced 
by the machine. The transformed feed- 
back of a movement may be more com- 
plex or simpler than the movement pat- 
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tern itself, or it may represent some 
mathematical the 
movement pattern as in optical tracking 
devices. Control movements with sim- 
ilar mathematically or spatially defined 
feedback transformations very likely will 
transfer positively to each other. 

The processes known as thinking are 
based on the human capacity to make 
the symbolic transformations required 
in the use of language and other symbol 
systems. Instead of reacting directly to 
objects or people or machines or other 
particular situations on the basis of im- 
mediate sensory cues, the thinking in- 
dividual transforms the available cues 
into symbolic terms and reacts according 
to this transformed information. Such 
symbolic information also can be com- 
municated from person to person to fa- 
cilitate individual learning and to en- 
hance coordinate social control of the 
environment. 

Once an individual has learned to use 
verbal and nonverbal symbol systems, 
he can make further integrative trans- 
formations of these symbols and thereby 
greatly enhance his ability to learn and 
accumulate knowledge. He can use his 
knowledge to describe and communicate, 
to define and classify, to search out spe- 
cial properties of situations and analyze 
them, to solve problems about the situa- 
tions, and to create new forms of knowl- 
edge about the world. These different 
ways of manipulating symbols repre- 
senting the temporal, spatial, kinetic, 
and qualitative sensory properties of 
nature constitute the different forms of 
thinking and reasoning. 

Because certain kinds of symbol sys- 
tems, such as language, number systems, 
mathematics, and musical notation, are 
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built on systematic rules representing 
the properties of nature and of human 
experience, the symbolic transformations 
of the information in these systems are 
performed according to the rules that 
Severn their use. For example, the 
various systematic transformations per- 
formed with numbers include expand- 
ing, reducing, transposing, substituting, 
converting, classifying, or patterning 
numbers in different ways by addition 
and subtraction and multiplication and 
other numerical manipulations. These 
are formal logical modes of transform- 
ing symbolic information or the infor- 
mational feedback of symbolic patterns 
of behavior. 

The primary and formal modes of 
symbolical transformation influence 
learning and transfer in many different 
ways. We can think of symbolic trans- 
formations of feedback as built-in cyber- 
netic tools which can be manipulated 
variously to speed up, facilitate, tele- 
Scope, and broaden the individual’s re- 
Sources in learning. Inasmuch as symbol 
Systems represent the accumulation of 
™Man’s tested experience with nature, 
they can be used to solve problems that 
cannot be handled in individual experi- 
ence. The general utility of symbol sys- 
tems and modes of transformation of 
symbols rests on the speed and facility 
With which these tools can be manipu- 
lated, the ease with which the individual 
can carry them with him from one situ- 
ation to another, and their systematic 
Tules and structure which enable him to 
apply tested human knowledge to spe- 
Cific situations in life. These properties 
define the generality of thinking and its 
Wide transferability in the ongoing or- 
Sanization of human behavior. 
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SUMMARY 


1. Training and education imply the 
ability of the individual to transfer or 
generalize learning from one situation 
to another. The study of transfer is the 
study of how one performance influences 
another in either a positive or negative 
way. 

2. Cross education refers to the bi- 
lateral transfer of skills from one side 
of the body to the other or between 
hands and feet. 

3. Although studies by James, Thorn- 
dike, and others have shown that prac- 
tice in verbal learning or formal school 
studies does not result in general learn- 
ing improvement, other studies show 
that training in general principles will 
facilitate learning of particular activities 
to which the principles apply. 

4. An early attempt by Thorndike to 
analyze the factors responsible for learn- 
ing transfer led to his theory of identical 
elements as the basis of response inter- 
action. A later analysis of stimulus and 
response factors offered the interpreta- 
tion that positive transfer results from 
associating an old response with a new 
stimulus and that negative transfer re- 
sults from associating a new response 
with an old stimulus. 

5. Many studies indicate that the 
amount of positive transfer is a direct 
function of stimulus similarity, and it is 
generally agreed that negative transfer 
increases as responses become less sim- 
ilar. When stimuli and responses are 
both varied, the results are complicated 
and hard to predict. 

6. Many of the facts of stimulus gen- 
eralization seem to follow the similarity 
analysis, but transposition experiments 
and many studies of form discrimination 
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in animals indicate that generalization 
is not necessarily based on absolute 
stimulus properties or on physical sim- 
ilarity. 

7. Analyses of stimulus and response 
similarity cannot handle the complexi- 
ties of behavior organization and its 
cybernetic nature. 

8. Travel and manipulation move- 
ments are learned at different rates and 
to different degrees. Travel movements 
change little during learning of simple 
motion patterns but show a greater 
learning change in complex motions. 

9. Transfer differentials can be dem- 
onstrated between travel and manipula- 
tion components. Changing the direc- 
tion of a travel pattern usually produced 
negative transfer in the travel com- 
ponent although the manipulative com- 
ponent showed positive transfer. The 
transfer effects were complicated by re- 
ciprocal time relationships that devel- 
oped between the two types of move- 
ments. 

10. One way of identifying common- 
ality in response is by correlational 
procedures. Correlations between the 
same type of components in related 
tasks tend to be higher than intratask 
correlations of travel and manipulation 
movements. Many individual differences 
occur. 

11. Negative 
compensatory 
movements. Movements also may show 
direct correlation, complementary inter- 
actions, and opposed _ relationships. 
These possible types of response inter- 
action and individual differences in re- 
sponse integration make it difficult to 
understand and predict transfer in com- 


correlations indicate 


interactions between 


plex behavior. 
12. Many studies of motion organiza- 
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tion indicate that responses are spe- 
cialized in terms of their spatial organ- 
ization. Spatial variations in movements 
and in their feedback relationships give 
rise to specific responses that are learned 
differentially and retained independ- 
ently. 

13. A neuronic interpretation of re- 
sponse interference or inhibition postu- 
lates that collateral nerve cell systems 
inactivate some pathways by providing 
a second stimulus input that equals a 
primary input. In this view, specialized 
responses are those that do not overlap 
in the nervous system and thus do not 
interfere with each other. 

14. Asymmetrical transfer sometimes 
is demonstrated between related tasks. 
The optimal direction of transfer cannot 
be predicted in terms of relative diffi- 
culty but possibly is related to the spatial 
complexity of the tasks. In general, more 
transfer occurs from complex patterns to 
simple than vice versa. Asymmetrical 
transfer is sometimes accounted for in 
terms of the inclusion principle. 

15. In general, complex tasks have 
more highly interrelated components 
and thus are more specialized and trans- 
fer less to other complex tasks than do 
simple to simple. However, we expect 
greater transfer from complex to simple 
than vice versa. 

16. Tool using and machine operation 
involve spatial, temporal, and _ kinetic 
transformations of the feedback prop- 
erties which help define the nature of 
the learning function and the kind and 
degree of transfer. 

17. Symbolic transformations of di- 
rect sensory feedback mediate the vari- 
ous forms of human thought and facili- 


tate learning and transfer of general 
knowledge. 


CHAPTER 


L? 


Auman Specialization 


of Learning 


The cybernetic view of behavior pro- 
vides many new insights into the most 
Significant and most specialized area of 
human learning: the processes of com- 
munication, thinking, and reasoning. In 
this area, conventional learning theories 
have been so seriously limited that many 
Psychologists and educators have turned 
instead to the conceptions of psycho- 
analysis and related clinical practices. 
Our own approach turns in another di- 
Tection—to the analysis of both think- 
Ing and communication as cybernetic 
Control processes involving manipulation 
of symbolic information. 

; At the close of Chapter 16, we out- 
lined briefly our ideas of how the 
Sensory-feedback mechanisms of re- 
Sponse have been extended in man to 
the symbolic level, thereby increasing 
the generality of learning. This view can 
be called a feedback transformational 
theory of thinking. Thought is achieved 
In the use of tools, in graphic behavior, 
and in speech and reading by systematic 
Symbolic transformation of patterns of 


closed-loop feedback control. It extends 
the scope of organized regulation of be- 
havior by manipulating symbolic infor- 
mation in many specialized ways. Thus, 
we believe that thinking is dependent 
not only on the movements and educa- 
tional skills which constitute symbolic 
response but also upon the factors of 
instrumental and symbolic design which 
govern the different operations involved 
in manipulating symbolic information. 

In this chapter, we shall consider the 
experimental study of thinking from a 
cybernetic point of view. This approach 
to cognition is of interest for a number 
of reasons. It suggests for the first time 
how thinking can be productive in gen- 
erating information according to certain 
rules and symbolic operations. It pro- 
vides a meaningful account of the way 
in which the basic movement compo- 
nents of symbolic behavior are related to 
the various modes and operational func- 
tions of thinking. It deals with concepts 
of symbolic design as evolution-deter- 
mined rules and procedures of forming 
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symbolic patterns and of using them to 
manipulate information either on an in- 
dividual or group basis. 


COMMUNICATION THEORY 


Every psychological tradition—men- 
talistic, introspective, physiological, be- 
havioral, and their various offshoots and 
amalgamations—has had its own inter- 
pretation of cognitive processes, but the 
different interpretations often have dealt 
with different aspects of the phenomena 
in question. Thought has been described 
and investigated as conscious processes, 
as rational introspections, as memory, 
as higher brain processes, as implicit 
muscle responses, as a higher form of 
learning, as symbolic behavior, as prob- 
lem solving, and more recently as deci- 
sion making analogous or comparable to 
computer operations. The learning in- 
terpretation was expounded first by 
Mach (1905), who discussed thinking in 
terms of knowledge and error and de- 
scribed its procedures as “thought exper- 
iments.” Ebbinghaus’s (1913) emphasis 
was on memory, and his lasting contri- 
bution to psychology was the develop- 
ment of experimental methods for study- 
ing memory. In his efforts to give a com- 
plete introspective account of thought, 
Titchener (1909) called attention to its 
possible sensory and motor counter- 
parts. James (1890) gave a first good 
account of the dynamic nature of the 
continuous stream of conscious activity, 
and this dynamism was given new direc- 
tion by Freud (1938), who related vari- 
ous levels of thought to developmental 
phases of unconscious motivation. Later 
learning theorists, including Thorndike 
(1927), Watson (1924), Hull (1943), 
Skinner (1953), and others, typically 
used concepts of conditioning and rein- 


forcement or effect to account for both 
learning and thinking. 

That the entire human educational 
effort and symbolic knowledge structure 
should depend on such tenuous assump- 
tions as the law of effect or the postulate 
of reinforcement is unacceptable to 
many and ridiculous to some. The ex- 
perimental base of reinforcement theory 
involves mainly studies of animal be- 
havior in relation to motivational effects 
that are periodic or reversible or both. 
However, human symbolic behavior in- 
volves usable and efficient knowledge re- 
lated to the detail and structure of the 
environment. Cognitive behavior in man 
is neither periodic nor reversible; it is 
cumulative, systematized in relation to 
the sensory properties of adaptive situa- 
tions, systematized in terms of larger 
organized patterns of symbolic informa- 
tion, and integrated into dynamic manip- 
ulations of symbolic activities in relation 
to the behavioral environment. The most 
general feature of cognition is that it 
has some coherence with nature as man 
has come into contact with it. 

Considerations such as these have led 
other psychologist-—Tolman (1932), 
Lewin (1936), Leeper (1951), Festinger 
(1957), and Snygg (1962), among 
others—to emphasize the cognitive fea- 
tures of human behavior and learning. 
However, by not providing a sensori- 
neuromotor interpretation for the proc- 
esses they describe, cognitive theorists 
tend to divorce their area of interest 
from the more objectively defined mani- 
festations of behavior. 

Many recent efforts have been made 
to formulate the problems of cognition 
in new terms. Within the fields of mass 
communication and audiovisual educa- 
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tion, the aspect of cognitive behavior of 
most immediate concern is its com- 
municative function, by means of which 
knowledge or information is transmitted 
from speaker to audience or from 
teacher to student either directly or by 
device. The general framework within 
which recent communication theories 
have been developed is that of cyber- 
netics. We have adopted this term to re- 
fer specifically to behavioral cybernetics, 
or the study of properties of self-regula- 
tion in behaving systems. Although we 
emphasize the feedback concept, there 
are other cybernetic concepts of mathe- 
matical-engineering origins which are 
influential in a number of sectors of 
behavior science. 


Cybernetic Origins 

The development of the science and 
technology of control systems revealed 
Some interesting parallels between elec- 
tromechanical controlling devices and 
living organisms. Shortly before and 
during World War II, it became increas- 
ingly apparent to a number of mathe- 
Maticians, engineers, physiologists, and 
behavior scientists that explorations of 
Control problems in devices held signifi- 
°ance for the field of neurophysiology 
and Vice versa. One of the first publica- 
Hons outlining this new interdiscipli- 
Nary field of theory and research was 

iener’s book, Cybernetics, which ap- 
Peared in 1948. The ideas expressed 
there reflected a variety of sources, in- 
cluding training psychology and human 
€ngineering of the war years where 
many of the problems of man-machine 
Control systems first were formulated. 
he name cybernetics was coined 


from the Greek word for steersman and 
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thus calls to mind a first important cy- 
bernetic concept—that of feedback. As 
we have indicated earlier, a control de- 
vice with feedback—that is, a servo- 
mechanism—is one which automatically 
adjusts its output according to feedback 
signals that supply information about 
how closely the controlled action is ap- 
proximating the desired condition. (The 
steering engines of ships were among the 
first well-developed feedback mecha- 
nisms.) The essential characteristic of 
such a system is that it transmits a mes- 
sage by means of which the response of 
the system is controlled. Thus the ap- 
plication of power in a servosystem is 
controlled or directed by means of a 
signal or message which in itself con- 
tains only a minimal amount of power. 

The problems connected with trans- 
mitting messages or information in con- 
trol engineering are some of the same 
that are dealt with by engineers in the 
communications industries—problems 
concerned not only with the technical 
aspects of transmission but also with a 
mathematical and theoretical under- 
standing of information itself. Many 
messages (for example, verbal) involve 
sequences of symbols which are depend- 
ent on each other to varying degrees and 
have unequal probabilities of occurring 
at various points within a sequence, 
Thus to measure the amount of informa- 
tion transmitted over a communication 
channel requires a statistical analysis of 
the symbols used and their probabilities 
of occurring in a message. The more 
probable it is that a given symbol will 
occur, the less information it conveys, 
for if it is certain to occur, it conveys no 
new information. 

Contemporary 


information theory 
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originated mainly in the work of Shan- 
non (1948), who reported the derivation 
of a mathematical measure defining the 
amount of information available in a 
source in terms of its statistical struc- 
ture. He referred to this measure as 
entropy because the same mathematical 
expression with the opposite sign is 
called entropy in thermodynamics. Oth- 
ers refer to the measure as negative en- 
tropy, and still others feel that this 
designation is unfortunate. Analyzing 
the informational possibilities of com- 
munication sources according to Shan- 
non’s hypotheses, it is possible to com- 
pare the efficiency of a normal speaker 
with artificial sources. For example, it 
has been estimated that human speakers 
communicate less than 0.1 percent as 
many bits of information in a given 
time as could be transmitted by a source 
that generated random auditory fre- 
quencies (white noise) of the same 
bandwidth as speech (Licklider and 
Miller, 1951). 

Once a message has been selected by 
a source, it is encoded by a transmitter, 
sent over a communications channel, 
and then decoded by a receiver at the 
destination. The rate at which informa- 
tion can be sent depends on both the 
information available at the source and 
the physical characteristics of the chan- 
nel. How much of the information can 
be retrieved at the destination also de- 
pends on whether the channel carries 
noise—that is, signals from some other 
source that may interfere with the mes- 
sage under consideration. Thus the effi- 
ciency of a communication system as a 
whole is defined in part by the proba- 
bility that noise will change the informa- 
tion content of the message. 
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Communication Models 


In addition to founding a mathemati- 
cal theory of communication, Shannon’s 
work focused attention on the nature of 
the communication process in general. 
Among mass communication and audio- 
visual specialists, there have been a 
number of attempts to formulate com- 
munication models to conceptualize the 
significant aspects and interactions in 
communication transactions that typi- 
cally involve both physical and physio- 
logical systems. The simplest communi- 
cation model specifies only a communi- 
cator, a message about an object or an 
event, and a communicatee. Although 
this might describe face-to-face com- 
munication adequately, the use of arti- 
ficial channels complicates the interac- 
tions and has inspired further model- 
building efforts. 

Lasswell (1948) proposed that com- 
munication theory and research are con- 
cerned with, “Who says what through 
what channels to whom with what ef- 
fect.” Gerbner’s (1956) verbal model 
was somewhat more detailed. He identi- 
fied ten basic aspects of communication 
in the following terms: “(1) Someone 
(2) perceives an event (3) and reacts 
(4) in a situation (5) through some 
means (6) to make available materials 
(7) in some form (8) and context (9) 
conveying content (10) of some conse 
quence.” For each of these ten aspects; 
Gerbner identified specialized areas of 
study and research. For example, com- 
municator and audience research relates 
particularly to the first aspect (“Some- 
one”), perception research to the second, 
investigation of channels, media, and 
facilities to the fifth, content analysis 
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and study of meaning to the ninth, and 
so on. 

Gerbner went on to construct graphic 
models to represent different types of 
communication. His basic generalized 
model, shown in Figure 17.la, intro- 
duces the principal components of com- 
munication and the dimensions of inter- 
action. M represents man or machine, 
either the source or receiver of a mes- 
sage. An event (E) is perceived by M as 
EF’. The message is a statement (S) about 
the event (E). Symbolized in this way, 


Figure 17.1. Gerbner’s communication mod- 
els. a. Generalized communication model. 6. 
Model of a telephone communication from M1 
to Ms about E. (Based on Gerbner. Toward a 
Beneral model of communication. Aud.-vis. 
Commun. Rev., 1956, 4, 171-199.) 
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a telephoned message could be dia- 
gramed as in Figure 17.16, where the 
speaker (M,) makes a statement about 
an event (SE) which is encoded (SE’) 
by the transmitter (Mz) and transmitted 
as a signal about a statement about an 
event (SSE). At the other end of the 
line, the receiver (M3) decodes SSE’ and 
gives the final message (SSSE) to My, 
who perceives it (SSSE’) and may act 
to modify the event (E.) according to 
instructions. In Figure 17.2, Gerbner 
used his own symbols to represent the 
communication process as diagramed by 
Shannon. 

Gerbner represented communication 
essentially as an open-ended system in 
contrast to closed-loop servosystems with 
feedback. In another analysis of com- 
munication, Westley and MacLean 
(1955) emphasized the fact that feed- 
back can occur in mass communication, 
although it may be minimized or de- 
layed. These authors identified three 
roles in communication: A is the com- 


Figure 17.2. Shannon’s diagram of a gen- 
eral communication system (top) compared 
with the progress of a signal in the same 
system as illustrated on Gerbner’s graphic 
model. (Based on Gerbner. Toward a general 
model of communication. Aud.-vis. Commun. 
Rev., 1956, 4, 171-199.) 
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municator, B is the receiver or audience, 
and C is the passive channel or means of 
relaying the message. The message is 
transmitted from A through C to B, and 
feedback can occur from C to A, from 
B to A, and from B to C. The occurrence 
of feedback assures the systems charac- 
ter of the communication loop, accord- 
ing to these authors. 

Further observations about the dy- 
namic systems characteristics of com- 
munication have been made by Hoban 
(Stanford University Institute for Com- 
munication Research, 1960), who also 
specified that feedback is an aspect 
of communication systems. Hoban dis- 
tinguished between the characteristics of 
information that are controlled pri- 
marily at the source (rate, reliability, 
redundance, ambiguity, time-phasing, 
quantity, and discriminability of infor- 
mation) and those that are controlled 
primarily by the receiver (exposure, se- 
lectivity, capacity, receptivity, and dura- 
bility of information) and suggested 
that matching the source-controlled and 
receiver-controlled operations is the art 
of communication. 


Information, Communication, 
and Behavior 


Although information theory arose in 
a communication context, its applications 
in behavior science have by no means 
been confined to problems traditionally 
classified as communication. In fact, 
those theorists concerned with the 
broader aspects of communication jn 
education and other areas of social inter- 
change may pay their respects to Shan- 
non’s mathematical formulations without 
attempting to put them to any direct use. 
The general cybernetic concept of feed- 
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back is more useful in communication 
models than the more rigorous measures 
of information or entropy. The com- 
munication models themselves are in- 
teresting descriptive accounts of certain 
types of social behavioral interactions. 
However, they provide little insight into 
the nature of communicative behavior in 
the individual or into the relation of such 
symbolic reactions to other types of 
response. 

Originally, information theory was ap- 
plied to situations involving a source, a 
channel, and a receiver—which might be 
two persons and a physical communica- 
tion system—but in most psychological 
applications, the mathematical formalism 
is used to deal with the statistical rela- 
tionship between a series of stimuli and 
a series of responses in individual be- 
havior. The individual himself “is 
treated as a noisy channel causing less 
than perfect correspondence between the 
stimuli and the responses” (Luce, 1960). 
In_ these applications, an information 
analysis of the data is used instead of 
other statistical procedures such as anal- 
ysis of variance. 

Although some behavioral events may 
conform to the information model, in 
general it appears to be poorly adapted 
to behavior analysis for several reasons 
that have been indicated by Luce 
(1960). Information theory takes cogni- 
zance of sequential relations in series of 
stimuli and series of responses, but it 
does not take into account any cumu- 
lative changes in a series such as might 
be produced by learning or any other 
progressive modification. Information 
theory essentially treats stimuli and re- 
Sponses as static, discrete events which 
occur in a certain sequence but are not 
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assumed to interact in any other way. 
Shannon’s theory was a bivariate analy- 
sis, and it has very limited success when 
generalized to multivariate interactions. 
Further, a system reacting according to 
information theory accepts bits of in- 
formation, all of the same value, but 
ignores the spatial or temporal pattern- 
ing of these bits although responses are 
Sometimes based on the patterning of 
discrete stimuli as well as on the nature 
of the individual stimuli. An obvious ex- 
ample occurs in vocal communication: 
the phrasing and inflections of a series 
of syllables may convey more meaning 
than the absolute auditory stimuli mak- 
ing up the series. Licklider and Miller 
(1951), who were among the first psy- 
chologists to become interested in the 
applications of information theory, 
showed clearly in their analysis of 
Speech perception that patterning is 
More important than absolute stimulus 
qualities in conveying meaning. Finally, 
it has been observed that information 
theory cannot identify constant errors, 
and it does not assign values to errors 
but treats them equally. 

Unfortunately, the pros and cons of 
information theory are not confined to a 
technical argument about which kind of 
Statistics to use in behavior analysis but 
have a much broader significance in be- 
havior theory. The whole cybernetic 
analogy, including the information 
model, has influenced thinking in the 
life sciences to an important degree. 
Something of the extent of this influence 
can be gained by noting the number of 
articles in general scientific publications 
On the relation between computer proc- 
€sses and human cognitive processes. 
This is a fascinating field, but, we be- 
lieve, it can represent a fruitless trend 


in behavior theorizing unless the limits 
of information theory in experimental 
behavior analysis are clearly understood. 
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High-speed digital computers are a 
boon to all areas of scientific research 
because of their possibilities for data 
processing and systems simulation, but 
they also represent a trap to the unwary. 
Computers can carry out many proce- 
dures analogous to human cognitive 
processes, but we should be misled if we 
were to believe that the symbolic opera- 
tions of a computer are carried out in 
the same way as are human cognitive 
reactions. A digital computer system can 
simulate many aspects of behavior, but 
it is not for that reason a valid model 
of a behaving system. 


Computers as Models 


The cybernetic analogy relating com- 
puters to the nervous system which was 
outlined by Wiener in 1948 has devel- 
oped into a very special field of interest 
concerning computer models of think- 
ing, logical processes, symbolic crea- 
tivity in a number of fields, and even 
learning. The main features of this anal- 
ogy are simple. The brain—like a digital 
computer—is a logical machine. It ac- 
cepts information signals from its input 
stations (sensory end-organs) on a bi- 
nary basis much like the computer’s yes- 
no decision making, for the neurons of 
the brain in reacting on an all-or-none 
basis have only two alternatives of ac- 
tion. They are likened to relays with two 
states of activity——firing and repose. The 
brain, like a computer, has both short- 
term and long-term memory. It is 
thought (in the analogy) that impulses 
travel in a closed neural circuit much 
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like a short-term repeater circuit until 
needed to complete a current process. 
Long-term memory involves permanent 
changes in the synaptic thresholds of the 
brain or of the memory recording sys- 
tem of the computer. Unlike the com- 
puter, however, the brain never can be 
completely cleared of its past records 
for a new run, so that a behavior life- 
time is analogous to a single run of the 
computer. After the computations or 
logical decisions have been made, the 
brain or computer transmits information 
to the output system or effector organs. 
Neither the brain nor the computer puts 
out energy; each transmits information. 
Wiener (1948) carried his analogy to 
the point of suggesting that the mechani- 
cal brain might learn just as the living 
brain does: “there is nothing in the na- 
ture of the computing machine which 
forbids it to show conditioned reflexes.” 

In the years since Wiener’s words 
appeared in print, computers have been 
programed to solve intricate problems, 
to prove mathematical theorems, to play 
checkers and chess, to translate foreign 
languages, to compose music, and to 
perform many other marvels of com- 
paring, analyzing, and decision making. 
They have been programed to learn, that 
is, to make present decisions according 
to a consideration of what tactics worked 
best in the past. For example, a checker- 
playing machine with enough experience 
stored in its memory circuits can in time 
defeat its programer. In addition to 
these procedures that are analogous to 
thinking and learning, machines are 
being designed which display rudimen- 
tary perceiving functions—they can to 
some extent recognize the spoken word 
or visual patterns. 

Many of these computer functions are 
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enormously useful. All of them are in- 
triguing. All of them depend on the in- 
genuity of the programer who provides 
the machine with its memory and in- 
structs it in the procedures to follow, yet 
there has crept into many discussions 
of computer functions an almost mysti- 
cal feeling that here is something that 
transcends not only the speed and ac- 
curacy limitations of its programer but 
perhaps even his intelligence. Wiener 
(1960) himself came uncomfortably 
close to ascribing magical and therefore 
dangerous properties to the thinking ma- 
chines when he recalled the story of the 
sorcerer’s apprentice and warned that a 
computer operates at such a pace that, 
“we may not know, until too late, when 
to turn it off.” His feeling was that pro- 
graming techniques that make a com- 
puter learn, “remove from the mind of 
the designer and operator an effective 
understanding of many of the stages by 
which the machine comes to its conclu- 
sions and of what the real tactical inten- 
tions of many of its operations may be.” 
This statement was disputed vigorously 
by Samuel (1960), who maintained: 
“Since the machine does not have a 
mind of its own, the ‘conclusions’ are 
not ‘its.’ The so-called ‘conclusions’ are 
only the logical consequences of the 
input program and input data. . . . The 
‘intentions’ which the machine seems to 
manifest are the intentions of the human 
programmer, as specified in advance, or 
they are subsidiary intentions derived 
from these, following rules specified by 
the programmer.” 

Those who escape the influence of 
computer magic—hopefully, this in- 
cludes most of us—may, however, fall 
into an even more insidious fallacy about 
the significance of these machines: the 
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fallacy of model building. Far too many 
have accepted the cybernetic analogy of 
the thinking machine without inquiring 
too closely into its scientific validity. But 
is it really true that if we construct a 
machine that simulates thinking, this 
mechanical model enhances our under- 
standing of the behavioral processes of 
thought? Is it true that if we construct 
a machine that simulates learning, this 
mechanical model enhances our under- 
standing of the learning changes in be- 
havior? If we construct a neural-net 
type of machine that simulates purpose- 
ful activity affected by rewards and pun- 
ishments, does this mean that the living 
individual learns according to the effects 
of reinforcement? If we design a ma- 
chine that simulates pattern recognition 
on the basis of a series of binary deci- 
sions, does this mean that behavioral 
perception is based on a series of dis- 
crete events? The danger in cybernetic 
model building lies in the tendency to 
answer these questions affirmatively in 
the face of convincing evidence to the 
contrary. 

The basic fallacy in a computer model 
ofa responding system is the assumption 
that the nervous system is digital in char- 
acter. This assumption, which has been 
accepted at least tentatively by many 
behavior scientists as well as mathema- 
ticians and engineers, has also been re- 
jected by theorists in many disciplines. 
An engineer, Jones (1963), recently 
Stated: 


The frequently drawn comparison of 
the brain to a telephone switchboard or 
a digital computer is probably as mis- 
leading an analogy as can be imagined. 
On the basis of present neurological 
evidence, one cannot accept the state- 


439 


ment that neurons act as relays or 
binary elements. 


And again: 


Present evidence forces one to con- 
clude that although the transmission of 
information is discrete, the actual oper- 
ations performed upon the information 
are carried out by means of continuous 
variables. 


Computers as Tools 

Rejection of the computer model of 
behavior does not imply rejection of 
computer simulation techniques in be- 
havior analysis, for the digital computer 
is one of the most versatile research 
tools of our time. Whether the computer 
is looked upon as a model or as a tool 
depends to a large extent upon one’s pre- 
conceived ideas about how behavior is 
organized and controlled. As it hap- 
pened, Wiener’s cybernetic analogy fit 
very neatly into the kind of psychologi- 
cal theorizing that describes behavior as 
a sequence of discrete stimulus-response 
events. The computer model is essen- 
tially a static open-ended system which 
accepts input and delivers output by 
making appropriate central decisions. It 
corresponds rather well to orthodox 
stimulus-response psychology, but it does 
not correspond at all to our concepts of 
space-structured multidimensional _ re- 
sponse constantly monitored by feedback 
interactions. The variables that we have 
found to be of primary importance in 
patterning behavior and defining the 
course of learning—that is, spatial, tem- 
poral, and kinetic perturbations of the 
feedback relationships—have no analogs 
in computer models, where all functions 
are represented as a sequential series of 
discrete events. 
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However, if we accept computers for 
what they are and do not try to read 
into them any behavioral significance, 
they make superb instruments for ana- 
lyzing characteristics of behavior. Fig- 
ure 17.3 diagrams three types of activity 
that we have studied with our computer- 
controlled system—speech, eye move- 
ments, and the physiological activity 
pattern known as brain waves. The 
sounds of speech are converted to elec- 
trical signals by a microphone, and the 
pattern of eye movements, by a photo- 
electric recorder. Brain waves are, of 


Figure 17.3. 
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course, known only as an electrical pat- 
tern. In each case, the electrical impulse 
is a continuously varying pattern, which 
is converted to digital form to make it 
acceptable to the computer. After the 
experimental perturbation by the com- 
puter—delay, displacement, kinetic mod- 
ulation, or other transformation—the 
signals are reconverted into a sensory- 
feedback pattern. The sounds of speech 
are presented to the subject as an audi- 
tory pattern through earphones. The sig- 
nal from eye movements (in one experi- 
ment) appeared as a spot of light on an 


Diagram of a closed-loop computer system designed for sensory- 


feedback analysis of behavior. Three types of activity patterns are indicated— 
speech, eye movements, and the electroencephalogram—along with appropriate 
input and output equipment. In each case, the activity pattern is transduced into an 
electric signal which can be sampled and converted into digital bits acceptable by 
the computer. After these signals are varied experimentally according to programed 
instructions, they are reconverted to a feedback pattern that can be perceived by the 
subject. A closed-loop system investigates parameters of self-regulation of response 
in contrast to the study of external variables. 
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oscilloscope so that the subject attempts 
to fixate a visual signal controlled in 
space by his own movements. In some 
exploratory studies of brain waves, the 
wave frequency was presented to the sub- 
ject as a flashing or flickering light syn- 
chronized with the rate of oscillation of 
the electroencephalogram. 

Although no systematic presentation 
of our research findings will be attempted 
at this time, the results on speech analy- 
sis mentioned in Chapter 15 should be 
recalled here in relation to the applica- 
tion of Shannon’s information theory to 
psychological problems. Our findings ap- 
pear to offer evidence that the feedback 
control of speech does not conform to 
the information model. Various pertur- 
bations of the feedback signals that 
could be interpreted as informational, 
such as introducing noise, deleting parts 
of the sequence, rearranging the order 
of signals, distorting their quality, or 
producing repetitions, had only minor 
effects on the speech output, whereas 
even a very slight delay of the feedback 
Signal seriously disturbed the behavior. 
To us this means that the self-regulation 
of behavior is a dynamic integrative 
Process requiring continuous immediate 
feedback control—a process that cannot 
be represented as a static sequence of 
discrete events. 


TRANSFORMATIONAL THEORY 
OF COGNITIVE BEHAVIOR 


Our main purpose in this chapter is to 
develop a systematic point of view about 
the human specializations of behavior 
and learning known as cognitive and 
to suggest possible experimental ap- 
proaches to research in this area. Nei- 
ther current learning theories nor formu- 
lations based on information theory 
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specify how the movement patterns in- 
volved in thinking are generated or how 
different forms of thinking are special- 
ized. These views lack concepts of sym- 
bolic design, which are needed to ac- 
count for the gradual evolution and de- 
velopment of specialized cognitive forms 
of behavior. Although information the- 
ory indicates certain rules for the manip- 
ulation of information, it contains no 
suggestions as to how such rules can be 
organized as transformations of control 
of actual behavior. 


Symbolic Transformation 
of Sensory Feedback 


The theory that we are proposing as- 
sumes that the distinctive form processes 
of cognitive behavior are based on sys- 
tematic transformations of sensorimotor 
feedback relationships, as in speech, ges- 
ture, graphic representation, and mathe- 
matical notation. By means of these 
transformations, information from pri- 
mary sensory sources is symbolized in 
abstract terms, but the behavior proc- 
esses do not lose their stimulus-response 
character. Thus we interpret cognition 
and thinking as peripheral or sensori- 
motor events controlled by the dynamic 
spatial, sequential, temporal, and kinetic 
properties of feedback. Thinking is ac- 
tion—in fact, it can be hard work—but 
it is not an open-ended sequence of sub- 
vocal speech as might be indicated by 
Watson’s (1924) theory. Rather, it is 
response controlled. It demands precise 
integration of many intrinsic sources of 
sensory stimulation; it requires, except 
in reverie and fantasy, a high degree of 
vigilance in monitoring the different spa- 
tial, sequential, temporal, and kinetic 
variations in the feedback pattern. It 
differs from overt work or performance 
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in that it is controlled by symbolic or 
abstract representations of objects, rules, 
and events rather than by their concrete 
sensory properties. 

The understanding of cognition is a 
central problem of educational design 
because all significant human behavior 
is integrated in part by symbolic mecha- 
nisms. The higher the form of skill, 
talent, or creative activity, the more com- 
plex its symbolic pattern. In this com- 
plexity of symbolic integration we see 
the true nature of human adaptation to 
the environment. Everything in the 
man-made world—clothing, the tools 
and machines of technology, the struc- 
tures of the environment, the objects of 
art, the layout of towns and cities, and 
the form of speech and writing—sym- 
bolize the propensities, the needs, and 
the features of man in action. The form 
processes of symbolism are defined not 
so much by the degree to which they re- 
solve unconscious tensions or lead to 
vegetative rewards as they are by the 
accuracy with which they represent and 
control human action in relation to spe- 
cific and general properties of the en- 
vironment. Man is a thinking and cre- 
ative species because he is able to make 
symbolic transformations of sensory in- 
formation to relate his body and its 
functions to the physical and social prop- 
erties of the environment. 

Symbolic transformations of sensory 
information vary in complexity and in 
their degree of abstraction or generality. 
We have such different forms of non- 
verbal symbolism as gesture; pictorial 
description; graphic representation; mu- 
sical, numerical, and mathematical nota- 
tion; the various patterns of verbal rep- 
resentations in speech, writing, and 
reading. A given problem or series of 
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events can be dealt with at different 
levels of feedback control, involving both 
direct and transformed information. Fig- 
ure 17.4 illustrates three levels of feed- 
back control in building a house: the 
direct use of tools to build it, the use of 
marking tools to draw up and check 
graphic plans for its design, and the use 
of verbal symbolism to prepare specifi- 
cations for what is to be done or to de- 
scribe what has been done. All three 
levels of response involve thinking and 
knowledge, but the generality of the 
knowledge differs. The knowledge and 
skills related to specific tools used in 
building have relatively limited transfer 
to other areas of activity, whereas the 


Figure 17.4. Three levels of feedback con- 
trol in human situations: overt control, non- 
verbal symbolic control, and verbal symbolic 
control. The activities of building a house 
Tequire cognitive integration of all three 
levels, 
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symbolic activities are more generally 
applicable. However, all three types of 
behavior help control the building ac- 
tivity. The nonverbal activity of drawing 
up plans defines the spatial organization 
of the situation at a more general and 
organized level than the actual tool 
using, whereas the verbal descriptions 
and specifications represent a still more 
general level of knowledge and com- 
munication. Words can be used to inte- 
grate nonverbal symbolism with the ac- 
tual work activity of building. They can 
be used to record the processes used and 
to check logically all of the related de- 
tails of these processes against prior 
knowledge and experience. 


Cybernetic Mechanisms 
of Thinking 


The processes of thinking and cogni- 
tion vary in generality from those used 
to control specific response situations to 
very general verbal and mathematical 
symbolisms. We can distinguish among 
concrete behavior, concrete symbolism, 
and abstract symbolism. Concrete sym- 
bols designate specific objects and events 
whereas abstract symbols denote such 
general properties as geometric relation- 
ships and principles, temporal relation- 
ships, force and energy requirements, 
and the values involved in the situation. 
Individual behavior is regulated by such 
abstract feedback transformations in 
much the same way as it is by the feed- 
back from concrete symbols and specific 
objects; but the knowledge used to rec- 
ognize and manipulate the geometric, 
temporal, kinetic, and other abstract 
Properties of the situation is far more 
8eneralized than that related to concrete 
events. The degree of control that an 
individual can level over his environ- 


443 


ment increases with the generality of his 
symbolic understanding. Further, the 
evolution of knowledge in human culture 
has seen a gradual expansion of sym- 
bolic control from primitive spatial rep- 
resentations of the environment to the 
advanced historical, geometric, kinetic, 
economic, artistic, and scientific concepts 
of modern man. 

It is our view that both communica- 
tion and the verbal and nonverbal sym- 
bolic transformations used in thinking 
may involve many different kinds of 
operations. The different processes 
known as memory, reasoning, problem 
solving, and creativity are distinctive 
ways of using verbal and nonverbal sym- 
bols to control adaptive perceptual-motor 
behavior. Some of the specific reactive 
operations which are used to manipulate 
different forms of symbolism are: (1) 
free recall; (2) controlled recall, as in 
answering multiple choice questions; 
(3) translation, as in language transla- 
tion; (4) representation, as in simula- 
tion or description; (5) reduction, or 
bringing order into a lot of specific in- 
formation by combining it in various 
ways; (6) differentiation, or distinguish- 
ing among different events on the basis 
of specific properties; (7) integration, 
or interrelating different materials or 
information; (8) elaboration, or crea- 
tive production of new forms or ideas. 
Problem solving may involve any one or 
a combination of these patterns of sym- 
bolic manipulation, for a problem may 
vary in complexity from trying to recall 
a specific symbol to trying to create a 
new design or plan. 

Whatever the level of the symbolic 
manipulation, we believe that it is re- 
active and dynamic and that it involves 
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signs and symbols derived from primary 
sensorimotor relationships and _ their 
feedback properties. Both the artist and 
the mathematician think in terms of 
symbolic processes, but their thoughts 
always bear some relation to the world 
of real objects as perceived and experi- 
enced by the thinker. Cognitive behavior 
can have emotional or motivational com- 
ponents, but its most general feature is 
that it has some coherence with nature 
in real time and space and thus can be 
used to define the spatial, temporal, and 
kinetic relationships of events. Even fan- 
tasy and dreaming reflect some coher- 
ence or integration between symbols and 
direct reactions to the environment. 

This description of the way that sym- 
bolic behavior is used to control the 
make-up and_ perceptual properties of 
human situations contrasts sharply with 
orthodox association and reinforcement 
interpretations of thinking. To say that 
cognitive learning is defined only by 
contiguity and/or reinforcement fails to 
explain the logical relationships that 
characterize thought and hence meaning 
and understanding. The thinker does not 
reach correct conclusions that can be 
checked against actual events because of 
chance association or because his ideas 
lead to vegetative or emotional reinforce- 
ments; he reaches them because sym- 
bolic meanings and relationships are de- 
rived primarily from the sensory- 
feedback effects of direct experience. 
Thus even at its most abstract level, 
thinking is organized reactively similarly 
to overt behavior. The significant differ- 
ence between them is that cognition ex- 
tends the scope of human control far 
beyond particular concrete events in the 
here and now. 
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Memory and Forgetting 

One aspect of cognitive behavior that 
has received a great deal of experimental 
and theoretical attention in psychology 
is that of memory and its converse, for- 
getting. The problem of memory also 
has attracted the attention of mathemati- 
cal theorists interested in computer simu- 
lation because of the nearly infinite 
capacity of the individual to store in- 
formation. 

We consider memory a central prob- 
lem of human thinking because it reflects 
the high degree of specialization of be- 
havior which can be achieved through 
meaningful symbolic and educational 
design. Most of the remembered infor- 
mation that individuals possess repre- 
sents not direct psychomotor responses 
but symbolic responses which they have 
had to manipulate in the past. It is our 
view that memory reflects the generative 
and productive features of response 
which we have emphasized as the basis 
of cognition. We do not look upon mem- 
ory as a storehouse of reactions but as 
a main aspect of dynamic production 
and control of behavior. Except in rare 
instances, reproduction of learned ma- 
terial is somewhat different from reac- 
tions learned or reproduced in the past. 
This is especially true for symbolic mem- 
ory. 

The general evidence about memory 
conforms broadly to the central assump- 
tions of cybernetic control of both psy- 
chomotor and symbolic response. The 
most general characteristics of human 
memory revealed by experiments as well 
as by observations are that it is produc- 
tive rather than repetitive and that it is 
accumulative and cannot be erased by 
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the withdrawal of rewards. Further, 
memory does not wax and wane with 
motivation. Many if not most of man’s 
learned responses can be repeated again 
and again over long periods of time 
without the support of extraneous rein- 
forcements. Memory is an organized, in- 
tegrative process combining both per- 
ceptual and motor activities. Even when 
a response is not performed it is not 
necessarily forgotten, for it may be re- 
called in an appropriate context. The 
Temote memories demonstrated during 
hypnosis bear witness to the relative 
permanence of learning change. Psycho- 
motor skills appear never to be com- 
pletely forgotten, and perceptual experi- 
ence accumulates as a storehouse of im- 
pressions that can be drawn upon 
throughout life for discussion and 
stories. 

An important characteristic of mem- 
ory demonstrated by Miiller and Pil- 
zecker (1900) is that learned reactions 
are not retained as static independent 
units but are subject to change due to 
interactions with subsequent behavior. 
Whether these interaction effects appear 
as retroactive inhibition, proactive in- 
hibition, negative or positive transfer, 
they reflect an organizational feature of 
learning and performance that is concep- 
tualized as poorly by standard theories 
of forgetting as it is by conventional 
theories of learning. 

The simplest explanation of the for- 
getting process is that learned associa- 
tions decay in time through disuse. This 
explanation obviously does not account 
for response interaction effects in mem- 
ory. The more widely accepted inter- 
ference theory postulates that new learn- 
Ing interferes with prior memories, but 
it does not explain why some interac- 
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tions produce interference while others 
produce facilitation. The Freudian the- 
ory that explains forgetting in terms of 
motivated repression of experiences that 
caused anxiety, shame, or guilt is far too 
limited to account for the differential 
interactions that define retention. Only 
the gestalt theory of leveling describes 
memory in terms of dynamic change 
rather than purely negative decay, inhi- 
bition, or suppression. The gestaltists 
believe that memory traces are subject 
to the same dynamic forces that organize 
perception. Thus a remembered percep- 
tual figure becomes a better figure as 
time goes on. It becomes more unified 
and symmetrical and loses some of its 
incidental detail. Such a leveling process 
can be demonstrated in perceptual mem- 
ory but fails to account for many specific 
instances of interference and facilitation 
in retention. 

The cybernetic view assumes that the 
more highly organized the control proc- 
esses of a response pattern, the less 
likely it will be interfered with by other 
learned reactions and the less likely it 
will be forgotten, An outstanding fact 
about learning, memory, and cognition 
is that organized materials are remem- 
bered better than less organized—mean- 
ingful materials are remembered better 
than nonmeaningful. Memory does not 
constitute a series of discrete, sequential 
reactions but a body of specialized and 
integrated responses which can be drawn 
upon according to rules of symbolic de- 
sign and applied to communication and 
information manipulation. 

We attribute the organization and spe- 
cialization of both learned skills and 
symbolic knowledge to the establishment 
of spatially differentiated patterns of 
feedback control, either direct sensory 
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eral and how they are recorded in books, 
encyclopedias, newspapers, journals, and 
so on. 


Response Interaction 
in Cognitive Behavior 


We have pointed out similarities be- 
tween psychomotor skills and symbolic 
responses because we believe that their 
stimulus-response organization is basi- 
cally similar and that the feedback mech- 
anisms of symbolic behavior are derived 
from the primary feedback mechanisms 
controlling direct response to the per- 
ceptual environment. It is fully as im- 
portant, however, to understand the dif- 
ferences between direct and symbolic 
behavior and learning. From the point 
of view of movement organization, per- 
haps the most significant difference be- 
tween psychomotor skills and symbolic 
knowledge lies in their degree of spe- 
cialization. As we have said, symbolic 
responses are far more general or less 
highly differentiated than overt skills. 

The general or abstract nature of sym- 
bolism leads to marked interaction 
among learned symbolic responses. On 
some occasions, the interaction may ap- 
pear to be detrimental, as when one 
verbal pattern interferes with the learn- 
ing or retention of another verbal pat- 
tern. More significantly, however, we 
see in symbolic interactions the proc- 
esses of facilitative transfer and gen- 
eralization that characterize human 
thought. Inductive or deductive reason- 
ing is the application of general proce- 
dures of information manipulation to 
particular situations, utilizing the rules 
of grammar, syntax, and semantics. 
Thus cognitive learning can proceed 
more rapidly than skill learning because 
of the generality and transferability of 
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its response components. Detailed facts 
may be lost or forgotten, but a pattern 
of knowledge remains. 

The speed and flexibility of symbolic 
interactions make cognition and thought 
highly efficient forms of behavior, but 
this efficiency would be negated were 
cognitive responses not firmly based on 
perceptual knowledge of the real world 
of objects and events as related to bodily 
movements. Whatever their level of ab- 
straction, the symbolic transformations 
that control cognitive responses were 
derived originally from the spatial, tem- 
poral, kinetic, and informational prop- 
erties of the environment. A set of sym- 
bolic rules and techniques reflects gen- 
eral knowledge of environmental rela- 
tionships, sequences, and _ interactions 
that can be applied generally in many 
different situations. This is true in all 
kinds of organized human effort—in 
crafts, in technology, in science, and in 
the arts. Cognitive behavior is efficient 
because it can be checked against be- 
havioral reality and can be used to con- 
trol people and events. 


ANALYZING COGNITIVE 
TRANSFORMATIONS 


Our thesis in this chapter is that the 
essential characteristic of human cogni- 
tive behavior is that it involves system- 
atic transformations of direct sensory 
information about the environment and 
one’s relationship to it into symbolic 
forms. Most psychological studies of 
thinking, as in concept formation, prob- 
lem solving, and other forms of informa- 
tion handling, have described the proc- 
esses involved in only the most general 
terms. However, in recent years there 
have been a number of attempts to apply 
cybernetic concepts to cognitive research 
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in order to achieve a more precise de- 
scription of the significant events and 
possibly to identify predictive variables. 


Information Analysis 
of Cognition 


In a provocative series of experi- 
ments, Posner (1962) has applied con- 
cepts drawn from statistical information 
theory to studies of information han- 
dling, concept formation, and simi- 
larity scaling. The basis of these studies 
was the idea that many cognitive proc- 
esses, such as data summarization and 
concept formation, are characterized by 
information reduction between stimulus 
input and performance output. That is, 
the individual’s response contains less 
information in a statistical sense than 
the sensory data which he processes to 
get the response. While not committed 
to information theory as the best system 
of describing behavior, Posner adopted 
the statistical information measure as a 
Means of identifying systematic rela- 
Uonships in the transformational proc- 
esses of thought. 

In one series of experiments, subjects 
performed a variety of operations on 
series of numbers presented in sequence. 
Tasks included recording the numbers 
as heard, adding them in different pat- 
terns, and classifying them according 
to schemes of varying difficulty. Each 
task was classified according to the 
amount of information reduction in- 
volved. The simple recording task con- 
Served all information, but the other 
tasks reduced the input information by 
a measurable number of “bits.” Perform- 
ances were measured objectively and the 
tasks also were rated by subjects accord- 
ing to their judged difficulty. In all 
Studies, the greater the information re- 
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duction, the greater the difficulty of the 
task, whether measured objectively or 
rated subjectively. The relationship ap- 
peared to be linear. 

A second group of experiments dealt 
with subjects’ ability to discriminate 
and generalize perceptual patterns from 
an original learning series to test series 
which were distorted to various degrees 
from the original. The stimuli were sets 
of dot patterns, each of which contained 
an original and five distortions, as 
shown in Figure 17.5. Each distortion 
was constructed according to definite 
rules and differed from the original ac- 
cording to a specified degree of statisti- 
cal uncertainty. 

Using materials of this sort, in which 


Figure 17.5. Sample set of dot patterns 
used to study the effect of perceptual uncer- 
tainty on generalization and discrimination. 
(From Posner. An informational approach to 
thinking. Dept. of Psychology, Univer. of 
Michigan, tech. Rep. AFOSR-2635, 1962.) 
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the similarity variable was statistically 
defined, Posner was able to show that 
the difficulty of the learning tasks was 
linearly related to the degree of un- 
certainty of the patterns, as was the per- 
ceived similarity of the patterns, the 
time of recognition, and the degree of 
transfer from one series to another. 

As Posner himself pointed out, his in- 
formational analysis of the organization 
of input and output of cognitive prob- 
lems made no assumptions about the 
actual procedures followed by the sub- 
jects in performing the tasks. Moreover, 
an informational analysis is of necessity 
limited to variables that can be ex- 
pressed in informational terms. Further 
insights into cognitive processes can be 
gained by analyzing other types of 
transformation that occur in specialized 
behavior, particularly dynamic varia- 
tions of the spatial, temporal, and ki- 
netic feedback relationships that regu- 
late the patterning of response. 


Computer Simulation 
of Thinking 


If cognition involves transformation 
of sensory-feedback control of basic 
movements in manipulating information, 
as we believe that it does, experimental 
study of the parameters of control should 
be advanced greatly by a tool which per- 
mits precise simulation of many types 
of dynamic variation of perceptual and 
feedback patterns. Digital computers 
constitute such a tool, although up to 
this time they have been used mainly for 
numerical data processing and for static 
simulations such as those described in 
Chapters 9 and 10. Inasmuch as most 
cognitive problems of manipulating in- 
formation are closed-loop problems, the 
real promise of computers is in ap- 
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plying them to cybernetic control in 
thinking. 

One application of computers which 
promises to provide insight into some 
of the procedures of creative thinking 
is in the field of musical composition. 
Mathews (1963) recently has given a 
careful explanation of how digital com- 
puters can be used not only to generate 
musical sounds according to detailed 
programed instructions specified by a 
composer but also to generate musical 
Scores with varying degrees of human 
control over the actual pattern of the 
composition. Computer music can range 
from quite random arrangements of 
notes generated according to a set of 
general rules about its acoustic pattern 
to completely specified compositions pro- 
gramed by the human composer. Ac- 
cording to Mathews, a computer could 
be used by serious composers to avoid 
much of the repetitious work involved 
in composing and trying out musical 
ideas. A musical theme could be fed 
into a computer with instructions to re- 
peat it, to transpose it to another pitch 
range, to play it on another instrument, 
to change its tempo or loudness, or to 
harmonize it according to simple rules. 

These transformations of musical 
themes suggested by Mathews plus many 
other possible dynamic perturbations 
that can be produced by a computer 
simulate, we believe, some of the im- 
portant form processes of musical cre- 
ativity. What a composer does is not 
just to arrange notes in a series; he 
takes a given sequence of notes—a 
theme—and presents it in many varia- 
tions. These variations are produced by 
just the sort of dynamic transforma- 
tions that Mathews spoke of and that we 
have been describing in this chapter. 
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In order to investigate the transforma- 
tional processes in musical creativity, we 
have designed an experimental computer 
system, as shown in Figure 17.6, to 
transmit musical sounds with considera- 
ble fidelity and to perturb the acoustic 
patterns in many different ways. The 
musician or composer selects a musical 
theme, puts it on tape, plays it repeti- 
tively through the converting and pro- 
graming circuits of the computer sys- 
tem, and introduces dynamic transfor- 
mations by operating a set of switches 
on a control panel. He can vary the 
order of notes, the kinetic character of 
the theme, the relative timing of differ- 
ent parts, and so on. The resulting sound 
pattern is fed back to him by the loud- 
speaker and recorded on a second re- 
corder. 

The critical aspect of this procedure is 


Figure 17.6. 


that the composer controls the dynamic 
parameters of perturbation and varia- 
tion of the music rather than its sub- 
stantive content. For example, chosen 
samples of the theme can be delayed, 
an amplitude distribution of its fre- 
quency content can be produced and 
played out as a background sound pat- 
tern, the sound can be looped through 
the system with a delayed reverberat- 
ing effect, time samples of the music can 
be repeated, and reversals of time sam- 
ples of the theme can be introduced to 
produce inverted themes. Computer pro- 
grams of the same or of other themes 
can be manipulated to enrich the pri- 
mary theme. As the composer introduces 
his computer variations, he gets an im- 
mediate auditory feedback of what he 
has done, and a permanent tape record 
also is available for later use. Such a 
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system should prove to be a valuable 
aid to musicians in understanding the 
dynamic nature of their creative efforts 
as well as advancing our psychological 
understanding of some aspects of cre- 
ativity. 

The idea that a composer might create 
music by a deliberate, knowledgeable 
manipulation of the dynamic physical 
properties of its acoustic pattern illus- 
trates what we believe to be the most im- 
portant characteristic of cognitive cre- 
ativity: its problem-solving and problem- 
controlling nature. Creative thinking, far 
from being a happy accident, is the work 
of an individual who can bring to bear 
on the problem at hand a wealth of sys- 
tematized observations represented in 
different forms and at various levels of 
symbolism. William James (1890) said 
that genius is a matter of perceiving in 
an unhabitual way. We would extend 
that idea to say that creativity is based 
on man’s ability to transform his direct 
perceptions of the world into symbolic 
patterns of varying degrees of abstract- 
ness and of unlimited utility in solving 
problems. 

Creative thinking is not well-under- 
stood because its significant procedures 
cannot always be described or communi- 
cated by the thinker. A musical com- 
poser has some understanding of the 
effects he is trying to create. If he is 
preparing a score for combined instru- 
ments, he knows a great deal about how 
each instrument sounds and what it can 
contribute to the total musical pattern. 
However, much of this knowledge and 
understanding is nonverbal and can be 
represented to only a limited extent by 
formal symbolism. Furthermore, the 
composer’s understanding does not ex- 
tend to a complete knowledge of the 
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physical characteristics of the acoustic 
pattern with which he is working. There- 
fore his creative work involves an ele- 
ment of trial and error: a certain degree 
of randomness that reduces the system- 
atic nature of his procedures. 

Computer simulation techniques call 
attention to the fact that man’s creative 
talents are specialized in relation to the 
tools, machines, and symbol systems that 
have been developed in human society. 
For example, in the computer simula- 
tion system described above, the com- 
puter acts as a specialized instrument by 
means of which the composer can ex- 
tend not only his understanding and his 
control of musical patterns but his abil- 
ity to symbolize their dynamic prop- 
erties. That is, a higher level of cogni- 
tive behavior is achieved by using a 
specialized instrument to extend primary 
human abilities. 

The specialized tools and instruments 
of human society are in one sense a prod- 
uct of man’s cognitive behavior but in 
another sense they structure the course 
of that behavior, for the upward spiral 
of human specialization is inextricably 
bound up with the coordinate specializa- 
tion of man-made tools, machines, sym- 
bol systems, and social institutions. In 
a sense man lifts himself by his own 
bootstraps: he is a product of the man- 
made environment. 

There is one important aspect of hu- 
man cognitive specialization which is 
sometimes overlooked, and that is the ex- 
tent to which human society is built and 
regulated by nonverbal symbolization 
and communication. Man’s traditional 
reliance on words and books to carry on 
his intellectual pursuits should not ob- 
scure the fact that modern man in his 
contemporary civilization controls his 
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activities with mathematical language, 
graphical language, computer language, 
and other nonverbal symbolizations. It 
is especially important that man’s inter- 
dependence with his machine systems 
and nonverbal symbol systems be rec- 
ognized in the educational domain, for 
society is pressing the limits of the use 
of words to describe its actions and its 
systems. Verbal language is notably in- 
adequate in conveying the technical con- 
cepts that regulate our social and in- 
dustrial world. Thus educators cannot 
afford to turn their backs on contem- 
porary technology. The intellectual or 
Cognitive development of modern man 
and his tremendous resources in mem- 
orizing information are dependent to a 
significant degree on the response spe- 
Cialization promoted and sustained by 
man-made instrumental and symbolic 
design. 

Several kinds of evidence suggest that 
individuals learn to think, or develop 
their cognitive abilities, over a consid- 
erable period of time (Lehman, 1954; 
Piaget, 1928; Vinacke, 1951) ; but once 
they acquire the techniques of cognitive 
manipulation, their capabilities in deal- 
ing with the environment are almost un- 
limited. The course of human develop- 
ment in cognitive behavior is a special- 
ized aspect of the more general study 
of human specialization in learning and 
performance skills. In the next chapter 
we shall examine some of the high points 
of this story and explore some of its 
implications for educational design. 


SUMMARY 


1. Human learning achieves its high- 
est degree of specialization in cognitive 
behavior, which deals with the physical 
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and social environment by means of 
symbolic rather than direct responses. 

2. A new approach to cognitive be- 
havior that interests many in psy- 
chology as well as those in communica- 
tion and audiovisual fields is cybernetics, 
generally known 
study of living organisms in relation to 
electromechanical control and communi- 
cation systems. 

3. Cybernetics was outlined first by 
Wiener and was extended by Shannon’s 
mathematical formulations, known as in- 
formation theory, which defined meas- 


as the comparative 


ures of information in communication 
systems in statistical terms. 

4, A number of general communica- 
tion models draw on information theory 
concepts but utilize the mathematical 
measures of information less than the 
cybernetic concept of feedback—the es- 
sential characteristic of a closed-loop 
system. 

5. Information theory is being ap- 
plied widely in psychology to describe 
the statistical relationships between se- 
ries of stimuli and series of responses. 
Inasmuch as it applies to static se- 
quences of discrete events, it is not ap- 
plicable when cumulative changes occur 
in behavior or when dynamic pattern- 
ing of stimuli define response. 

6. A related trend is to conceptualize 
human behavior, especially cognitive be- 
havior, as a cybernetic series of events 
analogous to the digital operations of 
computers. The danger in such com- 
puter model building is that it mis- 
represents the most significant charac- 
teristics of behavior and neural action. 
Behavior is not defined by sequences of 
discrete bits of information but by dy- 
namically interacting variables that op- 
erate in a closed-loop system. 
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7. Computers can be used to help 
analyze behavior and cognition but they 
should be recognized as tools, not mod- 
els. Inserted in the feedback-control loop 
of a behaving system, they can be used 
to vary many dynamic properties of per- 
ceptual feedback to study the effects on 
performance and learning. 

8. Dynamic feedback analysis is im- 
portant in the study of cognition and 
thought, for we believe that these forms 
of behavior involve symbolic transfor- 
mations of the primary sensory prop- 
erties of feedback but retain the basic 
reactive organization of overt behavior. 

9. Symbolic behavior and direct be- 
havior vary in complexity and general- 
ity, but both relate systematically to the 
properties of the environment and are 
used to control it. Nonverbal symbolism 
is more general than direct manipula- 
tion, and verbal symbolism is more gen- 
eral than nonverbal. These general sym- 
bolic forms of behavior permit a higher 
degree of environmental control. 

10. Different cognitive operations 
which can be used in solving problems 
include free recall, controlled recall, 
translation, representation, reduction, 
differentiation, integration, and elabora- 
tion; all of these types of reaction bear 
some relation to the individual’s direct 
perceptual-motor responses. 

11. Human memory is accumulative, 
is affected by dynamic interactions 
among responses, and is better for or- 
ganized materials than for nonorganized. 
Specific details are forgotten more read- 
ily than the larger patterns of knowledge. 

12. Cognitive reactions as well as psy- 
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chomotor skills are specialized in learn- 
ing and memory by their feedback con- 
trol mechanisms. Memories thus reflect 
a perceptual specialization and organiza- 
tion derived from their sensorimotor 
regulation. 

13. Many observations indicate the 
spatial organization of memory in both 
animals and human individuals. Utiliz- 
ing arbitrary patterns or memory forms 
facilitates remembering and cognitive 
manipulation of facts. 

14. Although the stimulus-response 
organization of psychomotor skills and 
cognitive responses is basically simi- 
lar, the latter are far more general or 
less highly differentiated and facilitate 
the rapid generalizations characteristic 
of thought. 

15. Among the few stimulus-response 
analyses of cognitive processes are stud- 
ies by Posner that apply the concepts of 
information theory to thought processes. 
The greater the information reduction 
involved in his cognitive tasks, the 
greater its difficulty. 

16. Computers can be used to simulate 
or aid creative thinking by providing a 
means of perturbing dynamic spatial, 
temporal, and kinetic properties of feed- 
back patterns, as in musical themes. 

17. Creativity and cognitive problem 
solving reflect the level of man’s tech- 
nology and specialized tools, machines, 
and symbol systems as much as the level 
of his human abilities. For human spe- 
cialization is both a source and a prod- 
uct of the technological specialization 
of society. 


CHAPTER 
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Human Design and 
Educational Design 


A cybernetic approach to educational de- 
sign assumes at the outset that educa- 
tion is the applied science of human de- 
velopment as well as the applied science 
of human learning. It recognizes that 
learning proceeds in a developmental 
context wherein its course is defined not 
only by the general features of human 
design but also by the developmental 
progress of the particular individual. 
Further, so-called normal development is 
dependent on appropriate sensory ex- 
periences, often at critical stages. Thus 
valid principles of educational design 
must encompass some understanding of 
the development-learning interaction. 

In this book we have developed the 
point of view that the individual learner 
can be thought of as a control system 
whose performance is regulated by feed- 
back mechanisms which not only struc- 
ture immediate response but also are the 
means by which genetic endowment de- 
fines progressive changes in behavior. 

e view learning as a refinement of the 
developmental process by means of 


which self-regulated activities become 
adapted to special environmental condi- 
tions. This means that the changes intro- 
duced by learning are not imposed on 
some common relatively undifferentiated 
behavior base but serve to modify al- 
ready specialized response patterns that 
reflect the genotype of the particular in- 
dividual. 

As we conceptualize the course of de- 
velopment, all of the transitional phases 
involve specialized patterns of closed- 
loop control of response. In early mat- 
uration, the responding individual has 
but limited control over his environment 
and thus over the feedback effects of 
environmental stimulation. As a result, 
the effects of early stimulation on be- 
havior organization are general in na- 
ture and are not marked by the sort of 
differential change known as learning. 
Only when the individual matures to 
the point where his specific responses 
can be used to control the sensory effects 
of movement can his behavior develop- 
ment be articulated by true learning. 
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EARLY DEVELOPMENT 


Although the terms development and 
maturation sometimes are used inter- 
changeably in psychology and educa- 
tion, maturation usually refers more spe- 
cifically to the uniformities of species 
development in relation to age. We shall 
use the term development to represent 
the over-all elaboration of the individual 
and his behavior resulting from the in- 
teractions between genetic endowment 
and environmental conditions. 

For many years, the interrelation be- 
tween maturation and learning in de- 
velopment was obscured by the idea that 
the two processes were controlled more 
or less independently by intrinsic, ge- 
netic factors and extrinsic environmental 
factors. This nature-nurture dichotomy 
is being corrected by fundamental re- 
search on developmental interactions in 
prenatal and infant behavior. 

The most provocative idea that has 
emerged from developmental research in 
the last dozen or so years is that there 
are critical periods in development for 
the establishment of environmentally or- 
ganized behavior patterns. Thus certain 
types of responses that are in one sense 
learned depend explicitly on the availa- 
bility of appropriate sensory stimulation 
at certain stages of maturational devel- 
opment. In such cases, the old distinc- 
tion between learned and unlearned be- 
havior breaks down as does the separa- 
tion between environmental and genetic 
factors. 

One of the clearest examples of a 
learning-maturation interaction at a crit- 
ical period occurs in imprinting, a term 
originally used to describe the establish- 
ment of following behavior in newly 
hatched geese and other ground-nesting 
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birds. Although the concept of critical 
periods was introduced in this fairly 
limited context, it undoubtedly has wide 
applicability in behavior—how wide we 
are only beginning to appreciate. Many 
established notions of mental develop- 
ment and educational design may have 
to be changed as we learn more about 
the critical aspects of human develop- 
ment. 


Dimensions of Development 


Patterns of behavior in a normal hu- 
man individual are subject throughout 
life to change and differentiation defined 
by both intrinsic and extrinsic factors. 
We can categorize these changes roughly 
as gross bodily growth, finer neural dif- 
ferentiation or maturation characteristic 
of the species, and specific learning 
changes. These different aspects of de- 
velopment follow different schedules so 
that their relative importance in defin- 
ing behavior differentiation varies dur- 
ing the individual’s lifetime. 

Figure 18.1 represents the different 
aspects of development as processes that 
originate early in life and influence be- 
havior differentiation until they level 
off at different stages. Bodily growth 
goes on through adolescence and during 
that time continues to effect changes in 
behavior patterning. Although growth 
changes influence the patterning of many 
overt performances and skills, they have 
a relatively slight influence on higher 
psychological capacities. Finer neural 
maturation characteristic of the species 
probably contributes to behavior dif- 
ferentiation through early adulthood or 
until middle maturity, when human sym- 
bolic abilities and creativity appear to 
reach their peak. Specific learning 
changes— including reactive, instrumen- 
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tal, and symbolic learning—continue to 
extend the differentiation of behavior 
throughout life. These so-called types of 
learning vary in their relative impor- 
tance at different periods and contribute 
to different levels of behavior organiza- 
tion. 

The different developmental processes 
originate early in life and all are de- 
pendent on environmental stimulation. 
In fetal and neonatal life, the influence 
of the environment is mainly supportive 
and general, but even in early infancy it 
is believed that behavior differentiation 
is influenced by specific sensory-feedback 
factors. Maturational elaboration re- 
quires articulated sensory experience 
lest it be retarded or distorted by sen- 
sory deprivation. 
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The course of behavior development 
is affected very little by specific learning 
changes until late in the first year of 
life. Specific learning becomes a signifi- 
cant aspect of development only when 
the child can begin to control his en- 
vironment with articulated responses. 
Then the maturing feedback-regulated 
behavior patterns become specialized by 
specific learned environmental control. 

A significant aspect of human design is 
that instrumental and symbolic learning 
originate at about the same time in life as 
the simpler learning that we have called 
reactive. Learned specialized activities 
begin to appear to a significant degree 
when the infant is almost a year old, 
at about the same time that his bab- 
blings are being specialized into cul- 
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of learning depend on the stage of mat- 
urational integration of response com- 
ponents. It has been found virtually im- 
possible in controlled studies to set up 
stable, consistent conditioned responses 
either in fetuses (Spelt, 1948) or neo- 
nates (Wenger, 1936; Wickens and 
Wickens, 1940). We interpret all of 
these research findings as evidence that 
learning plays little or no role in defin- 
ing the response patterns that appear in 
the infant during the first few months of 
life. 

From about six months of age on- 
ward, the maturation of various kinds of 
refined movements sharply increases the 
number of responses that can be spe- 
cialized by experience and practice. The 
infant at this stage may begin to grasp 
specific objects, to make specific re- 
sponses to parents, and to make other 
specific situational reactions that are 
retained and repeated. A few months 
later he begins to isolate vocalizations 
that are accepted as words by others and 
to use them in specific situations. Larger 
movement integrations are for the most 
part maturationally defined, but refined 
manipulative movements are specialized 
through learning to control specific ob- 
jects and events in the environment. 

By two years of age, the infant has 
refined his manipulative and articulated 
speech movements sufficiently to learn 
specific reactions independently of more 
generalized orientation response pat- 
terns. Within a few months he will be 
capable of performing delayed reactions 
and somewhat later of learning double 
alternation habits (Hunter and Bartlett, 
1948). It has been suggested that the 
ability to perform these responses is 
closely associated with a certain level of 
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verbal learning and the ability to learn 
independently articulated manual move- 
ments. 


Perceptual-Motor Integration 
and Control 


Many of the developmental _refine- 
ments of infancy involve specific space- 
structured perceptual control patterns. 
McGinnis (1930) found that optic-fol- 
lowing reactions are present in the neo- 
nate at birth. These reactions are opto- 
kinetic responses that can be elicited by 
movement of compound striated patterns 
but not by single lines or objects. They 
were found even in a premature baby 
one month prior to full term. During the 
first weeks of life, the optokinetic re- 
sponses persist and become integrated 
some four to six weeks after birth with 
specific pursuit movements elicited by 
moving single objects or light sources. 
Fantz (1963) also described optokinetic 
movements in newborn infants. 

Developmental research on infant ani- 
mals has revealed that highly organized 
patterns of response, integrating recep- 
tor processes with sensorimotor control 
of movements and orientation, appear in 
the normal course of maturation. For ex- 
ample, visual-placing reactions of the 
forelimbs in kittens appear abruptly at 
just the time, some twenty-six days after 
birth, when maximal visual acuity has 
developed (Warkentin and Smith, 1937). 

A remarkable demonstration of un- 
learned spatial control of behavior has 
been carried out by Gibson and Walk 
(1960), who tested human infants and 
several species of animals on what they 
called the visual cliff. As shown in Fig- 
ure 18.3, subjects were placed on a plate 
glass surface that extended from a solid 
Opaque area across a chasm to another 
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Figure 18.3. The “visual cliff’ as used by 
Gibson and Walk (1960) to test perceptions 
of depth in infancy. 


solid area. Both human and animal 
babies tested in this situation systemati- 
cally avoided moving across the visual 
cliff and were distressed when placed 
on the glass over the visual depth. Such 
observations show that fear of falling is 
not entirely learned but incorporates 
maturational patterns of integrated vis- 
uomotor behavior involving three-dimen- 
sional vision. 

As Piaget (1928) was the first to em- 
phasize, the year-old baby not only has 
developed organized space perception 
but uses space-organized behavior in 
manipulative activities such as grasping, 
pulling, pushing, turning, and so on. 
These basic manipulations and their in- 
tegration into the larger postural-trans- 
port contexts are a part of the infant’s 
human endowment as are further refine- 
ments of perceptual-motor behavior that 
will develop later, but a further aspect 
of development is that these manipula- 
tive patterns can become specialized 
through learning in order to deal more 
effectively with the particular charac- 
teristics of the infant’s own environ- 
ment. 

We think of the baby as a control sys- 
tem whose organized patterns of motion 
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from birth are self-regulated insofar as 
is made possible by the maturing feed- 
back regulatory mechanisms. As develop- 
ment goes on, the baby not only controls 
his body and movements in relation to 
environmental factors, but comes to exer- 
cise control over certain features of the 
environment. By his actions he can 
change the arrangement of objects in 
space, summon parents, get food and 
drink, and so on. It is in developing 
this control that learning begins to as- 
sume a significant role as an organizing 
factor, for the infant learns to make 
specific responses to specific objects, 
people, and situations. During the first 
three years of life, the child progresses 
from almost complete inability to control 
his environment to a condition of highly 
effective manual, verbal, and locomotor 
regulation of his stimulus surround. 

In a series of experiments on infants, 
we analyzed the development of differ- 
ent patterns of transport and manipula- 
tive movements to control environmen- 
tal stimulus patterns (Smith and Smith, 
1962). We assumed that control by 
means of orientative transport move- 
ments would precede manipulative con- 
trol by some months. We also compared 
visual, auditory, and tactual aspects of 
cybernetic control. The general method 
in some preliminary observations was to 
test whether the infants would use sim- 
ple manual contact movements to ac- 
tivate various stimulus devices. These 
included a television monitor with vari- 
ous kinds of images and a tape recorder 
that played music, a parent’s voice, a 
baby’s crying, or other sounds. We also 
tested whether infants would use a soft 
blanket in order to avoid sitting or lying 
on a rough surface. 

Our conclusions from these prelimi- 
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nary observations were that babies from 
the age of a few months to two years will 
orient toward auditory and visual stim- 
ulus devices but usually are not able to 
learn the trick of controlling them by 
making a specific manipulative response. 
Further clarification of the course of de- 
velopment was sought in two controlled 
experiments which measured specific re- 
sponses of infants at different ages. The 
two situations used are diagramed in 
Figure 18.4. One set-up used a revolving 
playpen which was activated by vocali- 
zations of the infant by means of a voice 
relay. Any fairly audible sound made 
by the child would start the playpen re- 
volving slowly for one complete revolu- 
tion. When the number of vocalizations 
during this experimental condition was 
compared with the number during a con- 
trol period of continuous revolution of 
the playpen, a significant increase was 
found for infants from twelve to eighteen 
months and from eighteen to thirty-six 
months of age. Infants younger than one 
year gave almost no vocalizations under 
either condition. 

The second set-up diagramed in Fig- 
ure 18.4 located a television monitor 
close to a continuously rotating playpen. 
Children ranging in age from ten to 
thirty-eight months were tested in the 
playpen to determine how many seconds 
out of a minute they would maintain 
their orientation toward the monitor 
when it displayed the image of their 
mother or a strange woman either read- 
ing a book or performing a number of 
common playful activities while speak- 
ing informally to the child. The graph 
in Figure 18.5 plots the mean number of 
seconds spent orienting toward the moni- 
tor—this involved continuous corrective 
movements in the rotating playpen—for 
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Figure 18.4. Two experimental set-ups used 
to test infant control of the environment. a. 
Sound-activated playpen. Vocalizations and 
other sounds made by the child cause the 
playpen to revolve slowly. b. Watching tele- 
vision from a moving platform. Placed in a 
continuously moving playpen, the child can 
watch the television screen only by changing 
position constantly. (From Smith and Smith. 
Perception and motion: an analysis of space- 
structured behavior. Philadelphia: Saunders, 
1962.) 


the four different types of images as a 
function of age. The most pronounced 
changes occurred at about twenty to 
twenty-two months. It also was discov- 
ered in this whole series of observations 
that infants at about this same critical 
age of twenty-two months were more in- 
clined to cry when their environment 
was disturbed than infants of other ages. 

Although our conclusions from these 
studies are tentative and await confirma- 
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Figure 18.5. Mean time spent watching the 
television monitor from the revolving playpen 
as a function of age. The four types of experi- 
mental images were of the mother or of a 
Strange woman either active or reading a book. 
The control image was of a blank wall and 
window. (From Smith and Smith. Perception 
and motion: an analysis of space-structured 
behavior. Philadelphia: Saunders, 1962.) 


tion or revision by further research, they 
do fit in with our general ideas of the 
infant’s developing abilities to control 
the perceptual environment. The type of 
Control that develops during the first 
two years is principally in the nature of 
directional orientation toward or away 
from foci of stimulation. As the child 
learns to creep or to walk, he can ap- 
Proach favored stimuli such as parents, 
avoid obstacles, and the like. During 
this time he also is developing many 
manipulative abilities, but the evidence 
is that he is not yet able to adapt fine 
Manipulations to any great extent to 
effect precise environmental control. Ob- 
jects that are encountered will be manip- 
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ulated, but only incidentally within the 
larger behavior context. 

During this early stage, the domina- 
tion of behavior by gross postural-trans- 
port directional activity is reflected in 
related motivational and emotional ef- 
fects. The loss of a focal stimulus, such 
as the disappearance of the mother, may 
cause marked distress in the infant of 
about twenty to twenty-two months. An 
infant of this age also may appear overly 
destructive because he often treats toys 
and other objects as things to push aside 
or to smash with large transport move- 
ments. 

Many changes in behavior organiza- 
tion occur when the child becomes capa- 
ble of exerting manipulative control of 
environmental patterns, typically from 
about the age of two years. Experimen- 
tally it has been shown that children 
between two and three years of age are 
able to make delayed reactions and 
somewhat later can learn double alterna- 
tion tasks (Hunter and Bartlett, 1948). 
These symbolic capabilities appear at 
about the time that the child learns to 
organize his vocalizations into grammati- 
cal forms rather than uttering words as 
independent units. 

Maturational changes wrought in be- 
havior patterning and learning are by 
no means complete in infancy or in the 
preschool years but continue to occur 
for many years. However, the course of 
perceptual-motor development is poorly 
charted for children of school age al- 
though there may be maturational 
changes of utmost significance to the 
child who is attempting to learn the 
basic educational skills. 

The existence of a critical period of 
space-organized feedback control late in 
childhood was revealed by a develop- 
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mental study of response to different 
conditions of visual displacement (Smith 
and Greene, 1963). 

A number of boys ranging in age from 
nine-and-a-half to  thirteen-and-a-half 
years were asked to perform writing 
tasks with televised feedback, as de- 
scribed in Chapters 14 and 15, when the 
televised image was either normally 
oriented, reversed, inverted, or both re- 
versed and inverted. The subjects were 
asked to write in a compensatory fashion 
so that the characters always appeared 
upright in the monitor whatever the 
displacement condition. 

The results of this study showed a 
very definite age differential in ability 
to perform the experimental tasks. Of 
fifteen boys aged nine through eleven, 
only one was able to perform under all 
feedback displacement conditions. In 
contrast, half of the boys aged twelve 
and thirteen performed successfully un- 
der all conditions and half of those who 
failed were able to perform under all 
but the inversion condition. The dif- 
ference between the age groups was 
statistically significant. 

These findings suggest that some mat- 
urational change occurs around twelve 
years of age affecting the spatial integra- 
tions of the sensorimotor systems so as 
to permit the child to perform compensa- 
tory movements in displaced fields. This 
critical period comes at about the same 
time as other significant changes in be- 
havior development, including the stabi- 
lization of handedness and transport 
movement coordinations. This is roughly 
the age at which symbolic thinking de- 
velops, according to Piaget (1928), and 
at which concepts of social relationships 
are formed, according to Vinacke 
(1951). The possibility that maturation 


HUMAN DESIGN AND EDUCATIONAL DESIGN 


of certain spatial integrations of the 
perceptual-motor system is related to the 
developing ability of the child to or- 
ganize and use symbolic and abstract 
knowledge is of the highest importance 
in psychology and education. 


Environmental Factors 
Many studies dealing with the ef- 


fects of sensory restriction and special 
stimulation in infancy support the as- 
sumption of cybernetic theory that early 
phases of behavior maturation require 
specific activation of receptor and sen- 
sorimotor control processes for their 
normal development. The earliest sen- 
sory restriction studies were of am- 
phibia (Carmichael, 1926; Harrison, 
1904; Matthews and Detwiler, 1926). 
They provided excellent evidence of the 
genetic determination of swimming pat- 
terns without revealing any detrimental 
effects of restriction. Later studies in- 
dicated, however, that response deficien- 
cies might result if infant animals were 
raised in the dark (Goodman, 1932; 
Mowrer, 1936) or were restricted in 
their movements for too long a period in 
infancy (Dennis, 1941). 

The classic study of sensory depriva- 
tion is that of Riesen (1950), who sub- 
jected infant chimpanzees to varying de- 
grees of visual deprivation for periods 
up to sixteen months. His work showed 
that complete deprivation of visual stim- 
ulation or deprivation of pattern vision 
by fitting the animals with translucent 
goggles impaired development of the 
chimpanzees’ visual coordinations and 
produced deficiencies that lasted at least 
for some months. One animal that was 
permitted normal vision for one-and-a- 
half hours each day suffered no ill ef- 
fects. Analogous results were found by 
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Nissen et al. (1951) in a study in which 
they enclosed the hands of infant chim- 
panzees in restricting containers for 
a period of time. Serious deficiencies in 
manipulative coordinations resulted. The 
inescapable conclusion is that normal 
space-organized perceptual-motor _ be- 
havior is necessary for the functional 
maturation of the response systems. 

The results of the sensory deprivation 
studies complement in various ways 
clinical observations of children whose 
vision has been impaired from infancy 
by cataracts and restored later by sur- 
gery. Such children show deficiencies 
in visuomotor coordinations which take 
some time to overcome (Senden, 1932). 

The method of sensory deprivation in 
infancy has been extended to studies of 
social isolation in puppies (Thompson 
and Melzack, 1956), monkeys (Harlow 
and Harlow, 1962; Harlow and Zimmer- 
man, 1959; Mason, 1960), and other ani- 
mals. Results of the various studies of 
infant animals lead to the general con- 
clusion that early sensorimotor depriva- 
tion not only may arrest development of 
particular sensorimotor mechanisms but 
also may change and disturb adult mo- 
tivation, emotional organization, and so- 
cial behavior. It appears that an appro- 
priate level of stimulation is necessary 
not only to provide opportunities for 
learning but also to maintain normal 
maturational development. An infant 
whose development is retarded in both 
its maturational and learning aspects 
may never catch up with the normal 
level. 

The question remains as to whether 
these conclusions that are based pri- 
marily on animal research can be ap- 
plied directly to human infantile devel- 
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opment. Some relevant information 
comes from observations of infants in 
foundling homes and hospitals. The 
studies of Fischer (1952), Spitz (1945, 
1946, 1951), and Spitz and Wolf (1946, 
1949) revealed definite patterns of 
depression in infants separated from 
their mothers and placed in the socially 
deficient environments of homes and 
hospitals. Although the full significance 
of these isolation effects is not as yet 
clearly established (Pinneau, 1955), it 
seems likely that the observed emotional 
and motivational effects persist in these 
infants. 

A physiological interpretation of the 
results of early deprivation turns on the 
specificity of the restrictive conditions 
and of their subsequent effects. The like- 
lihood is that no one psychophysiologi- 
cal effect is responsible for the various 
kinds of deficiencies noted. Whereas 
specific sensorimotor restriction such as 
visual deprivation may retard the mat- 
urational growth and integration of 
specific sensori-neuromotor mechanisms, 
general social isolation may lead to an 
over-all condition very like our concept 
of stress. Heretofore, stress has been 
spoken of in psychology primarily in 
relation to conflict frustration and physi- 
ological deprivation, but it is possible 
that general sensory deprivation and 
social isolation also can produce stress 
reactions. Prolonged stress may impose 
developmental anomalies on animal and 
human infants as well as inducing emo- 
tional and motivational alterations in 
both adults (Solomon, 
1961). 

Many studies have been carried out to 


infants and 


determine the effects of special condi- 
tions of sensory experience in infancy. 
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The effect known as imprinting is the 
clearest result that has been induced ex- 
perimentally. Newly hatched ducks, 
chicks, and other ground-nesting birds 
show a strong tendency to follow the first 
large moving object they see during the 
critical early period and continue to 
follow this same object as if it were the 
mother (Jaynes, 1956, 1957). 

According to a summary by Denen- 
berg (1962), a number of studies have 
shown that such extrinsic stimulation of 
infant rodents as shocking or handling 
reduces the emotionality scores of these 
animals when they are tested later in the 
open field, and it increases their aggres- 
siveness with their peers. A moderate 
amount of extrinsic stimulation during 
infancy improved learning performance 

’ in later tests. 

All of these studies ‘of the effects of 
special stimulation on infant laboratory 
animals should be interpreted cautiously, 
for the animals usually are special in- 
bred strains that are housed regularly in 
very restricted environments. That is, 
the “normal” life of a caged laboratory 
rat actually is a very restricted life, far 
removed from the living conditions of 
its wild cousins. Administering special 
forms of stimulation or permitting spe- 
cial kinds of activity may produce 
measurable effects because they help to 
alleviate the negative effects of the 
laboratory regime; in this sense, the 
studies are not directly applicable to 
animals and human babies developing 
in their normal habitat. 

There is no clear evidence that special 
conditions of nursing, handling and 
other stimulation in human infancy alter 
later psychological make-up in any de- 
cisive way independently of intervening 
conditions, Human sensorimotor mecha- 
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nisms mature so slowly that it is un- 
likely that specific movement integra- 
tions would be affected by special han- 
dling or stimulation, at least during the 
first year of life. Whether changes in 
general motivational and emotional 
make-up can be induced by special han- 
dling of human infants has not been 
determined. However, the evidence from 
the restriction studies indicates that hu- 
man developmental needs are served best 
by conditions of diversified stimulation, 
much human contact, and varied activity 
for the developing infant and child. 


CYBERNETIC CONCEPTS 
OF TEACHING AND TRAINING 


A cybernetic interpretation of the de- 
velopmental literature, taking into ac- 
count the closed-loop nature of behavior 
and its self-regulating characteristics, 
suggests some definite ideas about teach- 
ing and training. We emphasize the idea 
that behavior is specialized and inte- 
grated in different ways at different 
periods of development and during the 
different phases of adaptive and mean- 
ingful learning. 

We propose two broad training princi- 
ples: that the individual at all ages 
should be aided in gaining control over 
his own actions in relation to the en- 
vironment and over features of the en- 
vironment as well, and that the teaching 
of specific skills or knowledge must be 
adjusted to the phase of development of 
the feedback-control mechanisms. Teach- 
ing and training design should be ad- 
justed to the level of control already 
achieved and also should be sensitive to 
the potential changes in response or- 
ganization that may come in due time 
through maturation. 


Cybernetic Concepts of Teaching and Training 


Human Engineering 
of Educational Design 


Human engineering as an area of 
study grew out of the need to adjust 
technological design to human design 
for effective man-machine control. In the 
area of education, the problem is one of 
adjusting educational design to teaching 
needs. By educational design, we refer to 
the effectiveness of teaching tools, sym- 
bol design, and the rules of language as 
organizing devices for feedback control; 
we refer to the operational procedures 
of manipulating information and sym- 
bols in the schooling process. Educa- 
tional design reflects the effectiveness of 
current teaching technology and lan- 
guage usage in the classroom. 

Good educational design should be 
based on an understanding of the human 
individual as a feedback-regulated con- 
trol system whose activities relating per- 
ceived stimulus patterns with patterns of 
motion have definite spatial, temporal, 
and kinetic properties. If an instrument 
or symbolic device or rule is to be in- 
corporated into the control loop, its 
properties should be adjusted to human 
capabilities for greatest efficiency. Inas- 
much as human design changes radically 
from infancy to adulthood, educational 
design must be adjusted to changing 
human needs. 

Until the child is almost two, his in- 
strumental actions are almost entirely 
transport in nature. He pushes, pulls, 
pounds, and throws before he can fit 
things together or balance a column of 
blocks. Because the finer control move- 
ments that will develop must be sup- 
ported and directed by larger move- 
ments, it is important that the child have 
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ample opportunity during this early 
period to develop postural and transport 
eau in three-dimensional space. The 

rst toys should be designed to enhance 
directional control but not to require 
fine manipulation. 

One of the most significant aspects of 
early development is the emergence of 
thinking behavior along with related 
overt perceptual-motor coordinations. 
Almost as soon as he is able to learn 
anything, the child starts to acquire the 
symbolic tools of thought in the form of 
words, numbers, expressive movements, 
and graphic representation. In order to 
facilitate this cognitive development, 
we believe that children should be taught 
rules of grammar and syntax and how 
to manipulate information with symbols 
as soon as possible in their school ex- 
perience. New visual techniques very 
likely are needed for this purpose. 

Features of bilateral coordination and 
lateral dominance become established 
typically during the first few years of 
schooling, when the child is learning to 
read, to write, and to use numbers. The 
development of bilateral coordination in 
feedback control is basic to the use of 
many common tools, toys, and instru- 
ments, including marking tools, pencils, 
cutting and forming tools, and mechani- 
cal devices of various sorts such as 
steering toys. Such instruments can be 
used with limited efficiency early in this 
developmental phase; as handedness be- 
comes stabilized, the control movements 
become more refined. In time more com- 
plex machines involving transformations 
in sensory feedback can be operated. 

During this critical period of early 
education, the instruments used by chil- 
dren should be designed both for re- 
active and operational efficiency. That 
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is, they should fit the child’s hand or 
body and movement patterns as well as 
being suitable for the particular cutting, 
forming, marking. or other operation to 
be performed. In culturally standardized 
activities, such as writing, the design 
factors often are overlooked. 

There is strong suggestive evidence 
that the early development of many 
symbolic skills, including mathematical 
operations, is related to the emergence 
of lateral dominance and patterns of bi- 
lateral coordination during childhood. 
Thinking involves many _ specialized 
forms of symbolic control, both verbal 
and nonverbal, that begin to appear dur- 
ing the period when bilateral control in 
psychomotor activities is developing. In 
our opinion, this correspondence reflects 
a common origin of symbolic control 
and complex psychomotor control in the 
development of the basic movement sys- 
tems and their integration through both 
maturation and learning. Symbolic re- 
sponses are differentiated out of direct 
responses; implicit symbolism is a re- 
finement of overt symbolism. Thinking 
represents no radically new form of be- 
havior organization or control but is 
differentiated gradually from other kinds 
of response. 

There is evidence from developmental 
studies, particularly those of Piaget 
(1928, 1950, 1957), that patterns of sym- 
bolism and thought are not entirely the 
products of learning but depend as well 
on maturation. There is further evidence 
that symbolic learning may depend upon 
satisfactory development of the basic 
movement mechanisms of the body (De- 
lay, 1963). A set of procedures worked 
out by Delacato (1963) and Doman in 
a rehabilitation center are based on this 
idea. These workers treat such problem 
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cases as slow readers, stutterers, and 
brain-injured children by training them 
in the normal patterns of motor develop- 
ment in order: crawling, creeping, walk- 
ing, and so on. Striking results have 
been reported on severely disabled and 
retarded children who gradually began 
to show normal psychomotor and sym- 
bolic behavior after having been trained 
painstakingly to creep, walk, and de- 
velop other bodily coordinations in their 
normal order of appearance. A signifi- 
cant procedure used by these therapists 
is dominance training: establishing lat- 
eral dominance of eye, hand, and foot 
by specific training practices. It has been 
reported that these rehabilitative prac- 
tices—crawling, creeping, and domi- 
nance training—not only help children 
with obvious disorders but also improve 
academic aptitudes in normal school 
children. If confirmed, this finding 
would offer strong support to our idea of 
the dependence of symbolic abilities on 
firmly established psychomotor control. 


Response Control 
with Feedback Perturbation 


The increasing control that an indi- 
vidual develops over his own responses 
through maturation and learning is es- 
sentially a matter of establishing some 
stability of performance under widely 
varying conditions of sensory feedback. 
A response never is performed twice un- 
der exactly the same conditions. It is 
carried out under varied conditions of 
posture, with varied sensory conditions, 
with different movement systems, and 
with different instruments. Furthermore 
—and this is most important—a_re- 
sponse must be performed under vary- 
ing physiological conditions including 
tension and stress. The main function of 
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practice and learning in behavior or- 
ganization is to establish some response 
constancy in this diversity: to achieve 
control of performance with many kinds 
of feedback perturbation. 

A basic principle of training is to per- 
turb the feedback properties of response 
systematically in order to provide the 
learner with opportunities to extend his 
understanding and control of his own 
actions in relation to the environment. 
Common skills such as writing . and 
drawing should be carried out with dif- 
ferent instruments and using different 
parts of the body. These larger action 
patterns will extend his understanding 
and control of the letter forms and will 
facilitate the fine manipulative control 
which must be learned later in writing. 
Teaching writing, drawing. speaking, 
and reading with different conditions of 
Space- and time-perturbed feedback very 
likely will enhance the child’s ability to 
carry out the space- and time-patterned 
symbolic manipulations of arithmetic, 
mathematics, science, art, and engineer- 
ing. 

In addition to the sensorimotor vari- 
ations and instrumental and symbolic 
transformations that provide a source of 
feedback perturbation, there is a less 
obvious source in the psychophysiologi- 
cal perturbation produced by reciprocal 
tremor of muscle groups and the rhyth- 
mic actions of the heart, respiratory 
system, digestive system and other in- 
ternal organs. All of these variations 
disturb movement integrations and affect 
response control. Before the child gains 
explicit control over psychomotor tasks, 
he must learn to compensate for the 
rhythmic perturbations of sensory feed- 
back produced by his own internal ac- 
tions, 
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A major aspect of learning, which 
should be recognized in educational de- 
sign, is achieving both general bodily 
and compensatory control over the per- 
turbing effects of the emotional, respira- 
tory, and heart actions on somatic mo- 
tion. Many performances, in particular 
those involving machine operation, 
should be trained under conditions of 
stress as well as under more normal con- 
ditions to enable the individual to im- 
prove emergency control. The perform- 
ing arts, especially musical performances 
which are dependent on breath control, 
need special training to perfect response 
patterns under many changes in physio- 
logical status. Competitive games, skill 
practice under competitive conditions, 
and other exercises that involve excite- 
ment and strain provide training in 
psychomotor control under conditions of 
physiological perturbation. 


Diversity in Education 

When it comes to general education— 
to the teaching of basic knowledge and 
skills that are to be used adaptively by 
the individual in countless different situ- 
ations throughout life—there can be no 
simulation training as such. The best we 
can do for the learner is to provide him 
with a diversity of sensory experience 
and to encourage him to react in diverse 
ways. Supporting evidence for this point 
of view comes from the developmental 
literature. In view of the clearly detri- 
mental effects of restricted sensory and 
social environments, we cannot afford 
to give a child anything less than broad 
opportunity for reacting variously to 
many different kinds of stimulation. 

Our theoretical reason for encourag- 
ing diversity in educational techniques 
and opportunities is related to speciali- 
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zation of feedback control. An individ- 
ual extends his knowledge, understand- 
ing, and control of the environment by 
responding to it under many varieties of 
perturbed feedback. In this way he es- 
tablishes an ever-expanding accumula- 
tion of adaptive response patterns and 
stable symbolic meanings. In this way 
he transfers a learned response from 
one situation to another and recalls in 
one context a response learned in an- 
other. 

In teaching children, it is important 
to provide diverse social contexts as well 
as to vary the sensorimotor response 
patterning. If symbolic behavior such as 
speech is learned principally with one 
or two persons, it tends to become spe- 
cialized in relation to those persons and 
to have somewhat limited transfer value. 
Children should learn their educational 
skills in varying group structures as 
well as in varying sensorimotor contexts 
and under conditions of stress. 

The implication of these ideas for 
educational design is that there is no 
one educational technique that is super- 
ior to a number of techniques used in an 
integrated fashion. A good teacher 
knows this intuitively, and varies the 
materials used and the procedures fol- 
lowed from day to day and from hour 
to hour. Textbooks, audiovisual aids, 
lectures, discussions, field trips, labora- 
tory sessions, self-instruction programs, 
tests—all are used because all enhance 
the learner’s control of knowledge and 
skill. A fact presented in many contexts 
becomes a response controlled under 
many patterns of feedback. It is learned 
more effectively because it can be manip- 
ulated in relation to many other facts 
and can be retrieved in many situations. 

It is possible to marshal some evi- 
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dence from educational research in sup- 
port of this point of view. Some experi- 
ments designed to compare two tech- 
niques have found that the combination 
of the two produced the best learning. 
As one example, Vernon (1946) com- 
pared the value of films and film strips 
in teaching British seamen and found 
that even for specialized knowledge by 
far the most learning resulted when the 
two techniques were used in combina- 
tion. Helliwell (1953) reported the same 
general result after a study comparing 
filmstrips and field trips as methods of 
teaching secondary school pupils knowl- 
edge of dairy and newspaper establish- 
ments. The combined techniques pro- 
duced the best learning. 

Other studies have indicated that the 
use of multiple textbooks promotes bet- 
ter reading and study skills and under- 
standing of subject matter than a single 
textbook, although the advantage may 
not show up in specialized tests of learn- 
ing. This result has been found in con- 
trolled investigations of learning in 
elementary schools (Causey, 1958; 
Schneider, 1958) where single textbooks 
often are customary. Most teachers of 
more advanced students would not ques- 
tion the value of multiple textbooks. 

The need for diversity in educational 
materials and techniques is one that has 
not been met by machine teaching and 
self-instructional programs and consti- 
tutes perhaps their most serious limita- 
tion. 


HUMAN MOTIVATION 


Our main concern in this book has 
been the how of behavior—how it works 
—hbut there is still the question of why? 
Why does the individual respond? What 


moves him, energizes him, motivates 


Human Motivation 


him? The ramifications of these ques- 
tions define another whole area of psy- 
chological study beyond the scope of our 
present discussion, but some brief state- 
ment should be made to clarify our gen- 
eral point of view about the nature of 
human motivation. 

There are two aspects of behavior that 
must be considered in any discussion of 
motivation. First, organized behavior 
usually is oriented toward certain ob- 
jects or features of the environment: it 
has directional characteristics. Second, 
behavior occurs at different levels of 
energy expenditure: responses vary in 
speed, rate, and intensity and with vary- 
ing patterns of physiological involve- 
ment. 


Homeostasis or Homeokinesis? 


Psychological discussions of the na- 
ture of motivation often start with a 
description of the physiological concept 
of homeostasis and with good reason, 
for modern behavior theory is imbued 
with the doctrine of the steady state— 
the presumed tendency of the organism 
to return to equilibrium. Whatever 
homeostasis means in physiology, in psy- 
chology it means nothing at all. The 
living, responding organism is designed 
to respond, to be active rather than in- 
active, to be dynamic rather than static, 
to behave constantly until it achieves the 
pseudoequilibrium of death. Thus we 
have proposed a new term to character- 
ize behavior: it is homeokinetic rather 
than homeostatic, for its organization 
depends on constant motion generated 
by the motion systems themselves. 

Homeostatic thinking is reflected in 
some of the most basic concepts of 
orthodox psychology and has left its 
mark on theories of motivation as well 
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as on the standard theories of learning. 
Hull’s (1943) drive-reduction theory 
serves to illustrate the prevailing point 
of view. The individual is motivated to 
respond by needs that contribute to a 
drive state and continues until he 
achieves drive-reduction by an appropri- 
ate response. 

In our own theory of behavior or- 
ganization, we do not, of course, deny 
the existence of physiological needs but 
we do deny their primary status as ac- 
tivating agents. The normal condition of 
the behaving individual is activity, and 
we need postulate no poorly defined 
drives or motives to account for it. The 
constant activity of the organism in- 
cludes more than breathing, heart action, 
and other internal actions; it includes 
uninterrupted responses of the skeletal 
muscles as well. Reciprocal tremor 
movements of opposing muscle groups 
constantly perturb the sensory-feedback 
patterns registered by the receptors and 
thus generate the sensory data by means 
of which behavior patterns are regu- 
lated. These primary response patterns 
are activated not by generalized drive 
states but by conditions intrinsic to the 
response mechanism. 

Given an individual in a normal state 
of feedback-regulated activity, we as- 
sume that his directional patterns and 
levels of energy expenditure can be de- 
fined in part by such extrinsic factors 
as tissue needs, chemical and hormonal 
agents, disease, and so on. However, 
these are not the only factors that define 
motivation nor are they necessarily the 
most important ones. For as behavior 
develops from infancy through adult- 
hood, its directional patterns—that is, the 
goals around which it is organized—are 
derived in large part from the percep- 
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tual-motor activities themselves. Thus 
we believe that the most significant 
features of human motivation are de- 
fined by the developing patterns of per- 


ceptual-motor response. 


Perceptual-Motor Origins 
of Motivation 


The established notion that patterns of 
motivation are derived originally from 
physiological drives has hindered our 
understanding of these patterns in hu- 
man individuals. The orientation of hu- 
man behavior often seems to bear no 
relation to vegetative needs or satisfac- 
tions, yet traditional theories assume 
that such motivational patterns are sec- 
ondary or learned or derived but in any 
case stem originally from biological 
need. 

In recent years, there have been at- 
tempts to modify this physiological de- 
scription of motivation. It no longer can 
be overlooked that many animals in- 
cluding man are normally active or play- 
ful and exhibit many responses or- 
ganized with respect to the perceptual 
environment that appear to serve no 
biological purpose. Further it has been 
demonstrated experimentally that ani- 
mals will learn new responses when their 
only reward is perceptual-motor ac- 
tivity. Results of this sort posed a prob- 
lem, for standard learning theory as- 
sumes that behavior reorganization is 
defined by a need that is satisfied or a 
drive that is reduced. Consequently, the 
concepts of drive and motivation have 
been extended to include perceptual mo- 
tivation and activity motivation. 

We would modify these ideas. still 
further for it is our belief that the per- 
ceptual-motor aspects of motivated be- 
havior are not separate drives but rather 
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are definitive components of all motiva- 
tional patterns. Even behavior that di- 
rectly or indirectly satisfies a biologi- 
cal need derives its specific organization 
from the perceptual-motor patterns that 
develop through maturation and learn- 
ing. In the human adult, goals, aspira- 
tions, and the relative effort expended in 
different activities reflect the course of 
behavior development in that individual 
and for the most part are but remotely 
related to tissue needs. 

The motivational aspect of perceptual- 
motor behavior originates in the direc- 
tional patterns of response that serve to 
orient the infant toward certain stimulus 
features of his environment. His devel- 
oping visuomotor system orients his eyes 
toward lights, faces, and objects. Later 
he can direct his whole body toward 
environmental features and move toward 
them or away from them. He can grasp 
an object with his hand or kick it with 
his foot. A child seems to become at- 
tached to his parents and siblings, but 
only because they are there in his sen- 
Sory environment consistently enough 
for him to specialize his responses to- 
ward them. The human infant’s orient- 
ing behavior is not as rigidly defined as 
that of the newly hatched duckling which 
is imprinted upon the first large moving 
object that appears, but the organiza- 
tional principle is the same in both 
cases. Directional patterns are a func- 
tion of the developing response systems 
and need not be attributed to physiologi- 
cal drive states. 

Some of the people and objects toward 
which the infant orients serve to satisfy 
his biological needs, and this relation- 
ship helps to establish the goal-seeking 
nature of his responses. However, we 
believe that it is a mistake to assume 
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that the drive-goal situation is the pri- 
mary factor organizing the response. 
The integration of response patterns 
with more or less specific physiological 
conditions such as hunger and thirst 
does not explain how a response origi- 
nally developed but only how it is used 
on occasion. For example, if a cracker 
is offered to an infant for the first time, 
he will grasp it and very likely bring it 
to his mouth. He would do the same with 
any small object. The fact that the 
cracker tastes good and disintegrates in 
his mouth helps to specialize his re- 
Sponses to this type of small object and 
also helps to establish it as a goal or an 
incentive when he is hungry, but this is 
a secondary effect. The baby originally 
8rasps the cracker and brings it to his 
mouth because this is the way his move- 
ment systems have developed. The drive- 
reduction or reinforcing state of affairs 
that results from tasting or eating the 
cracker does not organize the response 
to the cracker, although it may have 
something to do with when and how 
often it is performed. 

As the child develops, his motiva- 
tional patterns continue to be struc- 
tured more by his own movement sys- 
tems and by the social and physical 
design of his environment than by the 
physiological needs of his body. Most of 
the significant events in an individual's 
life after infancy are related either to 
the use of tools, instruments, and devices 
or to specific social interactions. This 
Social and cultural context defines goals 
and aspirations, sets performance stand- 
ards, and establishes patterns of work 
and living. 

Within a particular culture or social 
context, certain types of behavior are 
used by adults and are taught to the 
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young either directly or indirectly be- 
cause of their intrinsic utility—that is, 
because they are useful to the individual 
in adapting to the organization of his 
society. The significant patterns of re- 
sponse used by individuals 
throughout their lifetime are selected not 
because they lead directly to vegetative 
rewards but because they enable the in- 
dividual to fulfill his roles within the 
family, place of work, recreational 
groupings, and so on. Thus the utility 
of a response pattern is defined by the 
tools and equipment, symbol systems, in- 
stitutional structures, and materials of 
consumption of contemporary society. 
The child in school no less than the 
adult at work experiences utility only in 
some context of behavior that is intrin- 
sically organized or specialized by the 
tools, materials, and symbolic processes 
of his culture. Meaning emerges for him 
as he establishes feedback control in spe- 
cific situations related to the larger as- 
pects of complex human systems, and 
his appreciation of the utility of his 
knowledge expands as he extends his 
organized feedback control to encompass 
more complicated space and time con- 
cepts and more specialized techniques 
of simplifying, reducing, transposing, re- 
ordering, and creating information. For 
the human learner in school, utility and 
satisfaction emerge not from extraneous 
rewards but from the intrinsic coherence 
of logical knowledge and skilled activi- 
ties—from the correctness of solutions, 
from the validity of concepts, or from 
the esthetic balance of artistic efforts. 
Interesting support for these ideas 
comes from a series of experiments by 
Smedslund (1961) in which children 
were taught logical concepts about the 
conservation of substance and weight. 


human 
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He described the process of cognitive 
development as one of gradual forma- 
tion of self-reinforcing structures that 
are not dependent on external reinforce- 
ment of large numbers of separate re- 
sponses. Smedslund tested the children 
to see whether their learned concepts 
would extinguish as an operant condi- 
tioned response does when the reinforce- 
ment is withheld. He “cheated” the chil- 
dren by carrying out deceptive demon- 
strations purporting to show that the 
conservation of substance does not al- 
ways hold true. However, instead of 
rejecting the logically consistent concept 
that they had learned, the children 
looked for a way out so that they would 
not have to believe the false demon- 
strations. In other words, their cognitive 
structure, once it was established, did 
not yield easily to an illogical demon- 
stration. 

Because the utility and meaning of 
human behavior are defined by the or- 
ganizational context, the utility of any 
mode of response changes as a result of 
developmental changes in tools, symbol 
systems, and social structures. As new 
human systems develop, new modes of 
response become useful and certain older 
behavior patterns decline in utility. Cur- 
rently we are entering an age when com- 
puting devices are being used ever more 
widely to integrate numerical and verbal 
communication. These machines and the 
technological systems they control make 
certain newly evolving patterns of be- 
havior—for example, the use of com- 
puter language—enormously useful be- 
cause they fit the design of the systems; 
at the same time, many older patterns of 
response are becoming obsolete just as 
surely as the Stone-Age skill of flaking 
arrowheads became obsolete. Thus the 


HUMAN DESIGN AND EDUCATIONAL DESIGN 


utility of behavior is not a random effect 
but is a selective process defined by the 
evolutionary differentiation, specializa- 
tion, and integration of human systems. 

The most general trend in human mo- 
tivational patterns, however, is defined 
neither by biological satisfactions nor 
by biosocial utility but by man’s nearly 
universal drive to exercise control over 
his environment and over his own be- 
havior in relation to that environment. 
Theories of learning based on physio- 
logical drives and extrinsic rewards 
never have been able to account for mo- 
tivated acts of creation, of discovery, of 
seeking, and of volition in individual 
behavior. Sensory-feedback theory sees 
their genesis in the young child’s per- 
sisting efforts to exercise direct control 
over his own sources of stimulation. Ob- 
stinate behavior in the two-year-old may 
achieve neither utility nor extrinsic re- 
ward, but it gives the child a certain 
measure of control. Often he is more 
interested in doing things in his own 
way—that is, as he can control them— 
than he is in attaining social approval 
or extrinsic reward offered for some 
other mode of response. 

The drive to control the environment 
is not confined to human individuals but 
has been described in animals as well. 
According to Kavanau (1964), wild 
rodents subjected to the artificial restric- 
tions of laboratory regimes will for a 
time seize almost any means of control- 
ling their environment that does not lead 
to great stress. If they have switches to 
manipulate or levers to press, they will 
manipulate and press even though the 
resulting effects are not particularly de- 
sirable to rodents, Given a switch that 
operates an activity wheel, a rat will 
turn it on when the experimenter turns 
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it off and turn it off when the experi- 
menter turns it on. If the experimenter 
turns a light on, the animal will turn it 
off; if the experimenter turns it off, the 
animal will turn it on even though it is 
a nocturnal species and presumably pre- 
fers the dark. These observations offer 
an explanation for certain paradoxical 
results in animal experiments which 
have seemed to indicate that stimuli 
that are rewarding under some circum- 
stances are punishing under others. 
When the animal’s primary motivation 
is to exercise control, the extrinsic ef- 
fects often are of secondary importance. 

The importance to a human individual 
of exercising feedback control should be 
recognized in all training and teaching 
Situations. With too little guidance, a 
learner may lose interest by not being 
able to establish any significant degree 
of control over a task. On the other 
hand, too much guidance also deprives 
him of personal control. The goal is to 
enable the learner to establish his own 
patterns of control over tasks, skills, and 
knowledge that have social utility lest 
he turn his attention to less desirable 
activities. 

The degree to which the individual 
can gain definitive control over the 
many different static and dynamic 
sources of stimulus feedback in his 
physical and social environment varies, 
of course, with his behavioral and sym- 
bolic capacities. As development pro- 
ceeds, the intelligent child achieves more 
and more control not only over specific 
stimulus sources but over the pattern of 
his own behavior in relation to physical 
and social environmental demands. In 
other words, he develops motivated self- 
control, and this process of achieving 
self-discipline is one of extending pri- 
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mary forms of sensory-feedback control 
to the regulation of his own activity by 
symbolic means. Treating the individual 
as a control system implies that at all 
levels of learning he is also a self- 
governing system. When we understand 
in more detail the space and time or- 
ganization of feedback control of re- 
sponse, we shall begin to understand 
how the individual functions as a self- 
governing system that to some degree 
controls its own destiny. 


EVOLUTION OF EDUCATIONAL 
DESIGN 


As we pointed out early in the book, 
there are a number of interesting par- 
allels between the ontogenetic develop- 
ment of the human individual and the 
evolutionary development of the human 
species. The over-all pattern in both 
cases is one of increasing control of the 
environment, proceeding from gross pat- 
terns of control involving dynamic trans- 
port and tool-using movements to finer 
and finer patterns involving manipula- 
tive control and symbol systems. The 
symbolic tools of thought emerge in 
roughly the same order in the child and 
in the human race. Spatial concepts of 
position, size, and shape precede tem- 
poral concepts. The young child is lim- 
ited as was his prehistoric ancestor in 
having no real sense of time or of tem- 
poral order of events and thus no real 
appreciation of history or of causative 
sequences. The developing understand. 
ing of temporal organization is followed 
by complicated machine skills and ab- 
stract concepts of relationships and in- 
teractions. 

In the development of the species as 
in the development of the individual, it 
is impossible to differentiate between the 
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effects of genetic and environmental fac- 
tors. Just as the individual at any time is 
a product of the maturation-learning 
interaction, the status of the species at 
any point in history or prehistory re- 
flects both the level of genetic evolution 
and the cultural and technological con- 
text in which the young develop and are 
educated. Whether man today is geneti- 
cally superior to his ancestors of 10,000 
years ago or 5000 years ago or 2000 
years ago is an academic question un- 
likely to be resolved to every one’s 
satisfaction. But it is unquestionably 
true that man’s culture and intelligence 
and ability to learn are organized at 
more complex levels as time goes on. 
This upward spiral involves interacting 
changes in social organization, techno- 
logical development, and human design. 
Advances in one sphere are both causes 
and effects of advances in other spheres. 

As a result of these reciprocal rela- 
tionships, human design is a function of 
educational design, and human learning 
is understood best in its educational set- 
ting. This is the theme with which we 
introduced the book: that the significant 
patterns of human learning are deter- 
mined by the level of development of 
educational skills and by the design of 
human symbol systems. The theoretical 
basis for this idea is the sensory-feed- 
back concept of behavior organization, 
which provides an objective interpreta- 
tion of biosocial development of educa- 
tional design and the evolution of man’s 
intelligent behavior. 

In contrast to this cybernetic concept 
of learning, conventional association 
theories have but limited relevance to 
human education because they incorpo- 
rate no generally valid concepts of edu- 
cational design. The designs for learning 
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which have originated in learning lab- 
oratories have yielded many so-called 
categories of learning—classical condi- 
tioning, operant conditioning, rote- 
verbal learning, psychomotor learning, 
problem solving, and more—but they 
have provided no systematic understand- 
ing of the sensorimotor factors which 
define behavioral control in an educa- 
tional setting. Cybernetic theory postu- 
lates that all of these various learning 
categories represent different conditions 
and transformations of feedback control, 
and that human education can be de- 
signed according to the same general 
cybernetic principles that govern other 
instances of learning change. 

The failure of conventional learning 
theories to generate successful concepts 
of educational design stems from their 
signal lack of success in accounting for 
efficiency and precision in behavioral 
control processes. According to these 
theories, we are supposed to believe that 
the high degree of precision and efli- 
ciency achieved in speech, in writing, in 
reading, in mathematics, in technology, 
and in artistic production are learned on 
the basis of vaguely defined temporal 
contiguities or rewards and punish- 
ments which by chance are associated 
with particular response systems. In con- 
trast, cybernetic theory postulates that 
precision and efficiency of biological 
and behavioral control can be attributed 
to the objectively defined and infinitely 
variable sensory-feedback patterns in 
terms of which behavior is regulated. 
Furthermore, cybernetic theory postu- 
lates that precision of response control 
has increased in human evolution as an 
aspect of evolving educational design. 
Man has increased the accuracy, deli- 
cacy, and effectiveness of his control 
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systems through the evolution of tools 
and symbols which systematically en- 
hance his potentialities for closed-loop 
regulation of adaptive response. 

A fundamental cybernetic concept is 
that human evolution and history have 
produced progressive instrumental and 
symbolic transformations of feedback 
control of behavior which determine ed- 
ucational design and result in related 
increases in human intelligence. The 
progress of man from a hominoid using 
an eolithic tool through the phases of 
hand-ax culture. early tool making, the 
handicraft tradition, the development of 
language, the emergence of civilized 
order, the development of writing, and 
the discovery of history and of temporal 
causation can be considered in terms 
of these progressive elaborations of the 
feedback control of behavior. Each of 
these broad changes and traditions can 
be thought of as representing another 
level of transformation of sensory-feed- 
back control of the behavioral environ- 
ment. Each phase demanded a somewhat 
different pattern of behavioral control 
and of learning, but at the same time 
each extended the learner’s ability to 
control the environment and his relation 
to it in time and in space. Civilization 
developed when the first glimmerings of 
a time-extended process of man’s destiny 
were represented geometrically in the 
cities of temples and tombs that marked 
the life and after-life sojourn of the 
king-gods who owned all the land and all 
the people. The accumulation of written 
information gradually modified this 
space-ordered concept of the world and 
of the hereafter to an appreciation of 
history and temporal causation, thus es- 
tablishing the basis of scientific reason- 
ing and discovery. 


477 


In this human factors account, human 
evolution is seen as involving the pro- 
gressive establishment of specialized pat- 
terns of instrumental and symbolic be- 
havior, each of which transforms in 
some distinctive way the primary sen- 
sory-feedback effects of overt behavior. 
Tool using not only changed man’s body 
form, but it also developed new patterns 
of overt reaction in controlling the en- 
vironment. The tool-making tradition 
did more than create technology; it al- 
tered man’s mechanisms of learning by 
changing the modes of reaction and the 
patterns of stimulation in both primary 
sensorimotor activities and in complex 
motivated patterns of behavior. Besides 
producing diverse tools, the handicraft 
tradition also involved the development 
of cave drawing, tool marking, and the 
use of spoken tribal languages. The 
temple-tomb traditions created the be- 
ginnings of civilization and in this proc- 
ess laid the foundations for written 
symbolization, the concepts of the calen- 
dar and of time, and the first notions of 
time-ordered historical destiny of man. 
This expansion of feedback control is 
still going on. In our contemporary tech- 
nological culture, complex machines and 
symbol systems provide new means of 
environmental control and at the same 
time enhance human understanding of 
relationships and interactions among en- 
vironmental events. 

The advancing forefront of human 
knowledge and conceptual ability means 
that each succeeding generation must 
cover more ground in order to be edu- 
cated. Secondary school pupils today 
handle concepts and symbol systems that 
top scientists a few generations ago had 
not even dreamed of. To do its job ef- 
fectively, our educational system needs 
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more than teachers and books. It needs 
all the technological and symbolic ma- 
chinery that mediates the new knowl- 
edge. It needs all the avenues of verbal 
and nonverbal communication that have 
been developed. For the machines and 
techniques of society are more than the 
fruits of man’s knowledge; they are the 
means of communicating specialized 
knowledge and skills and the tools for 
generating new knowledge, skills, tech- 
niques, and machines. 

Current changes going on in the ed- 
ucational domain sometimes are referred 
to as a revolution in education. Actually, 
it is not a revolution at all but an in- 
evitable evolution of educational design 
generated by reciprocal feedback rela- 
tionships with human, technological, and 
social development. The school and the 
educational process are not isolated 
events in the elaboration of man’s or- 
ganized system; they are essential parts 
of every sector of this development. The 
elementary school cannot limit itself to 
the three R’s any more than advanced 
study can be designed completely around 
a set of great books. Each level of educa- 
tion must adjust to organizational 
changes and developments in every facet 
of human society. Education must re- 
flect technological as well as communica- 
tive changes and social as well as human 
behavioral changes if it is to play its 
role in the progressive evolution of hu- 
man culture. 

The main challenge in the science of 
human learning is to understand the re- 
quirements of educational design at all 
levels—that is, in providing feedback 
control to initiate learning, in designing 
tools and symbolic processes to integrate 
individual development with  social- 
cultural evolution, and in simulating 
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human organization to provide special- 
ized pragmatic experience. The chal- 
lenge of education is to maintain its role 
as the mediator of human progress. 
Education must keep pace with intellec- 
tual and technological change for it is 
the means of conserving and consolidat- 
ing such change. Only by passing on his 
educational skills can man escape the 
space-ordered world of his sensory en- 
vironment into the abstractions of sci- 
entific and creative thought. 


SUMMARY 


1. Educational design must be ad- 
justed to all aspects of developmental 
change in the individual and not just 
learning change. 

2. The earlier idea that genetic and 
environmental influences in behavior 
could be separated is no longer accept- 
able; both maturation and learning are 
functions of genetic-environmental in- 
teractions. 

3. There are critical periods in de- 
velopment for the emergence of certain 
types of behavior patterns if appropriate 
environmental conditions obtain at that 
time. 

4. Behavior differentiation throughout 
life is influenced by different aspects of 
development—growth, maturation, reac- 
tive learning, instrumental learning, and 
symbolic learning—each of which exerts 
its major influence and levels off at a 
different time of life. 

5. Fetal behavior follows a course 
from general to more specific response 
patterns. After birth, the infant displays 
another sequence of development from 
general postural movements, through 
large transport movements, to finer 
manipulative movements, all of which 
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are organized with respect to exterocep- 
tive stimulation. 

6. Learning does not begin to play a 
significant role in human development 
until toward the end of the first year of 
life, when the infant begins to control 
his environment with specific responses. 

7. Primary space-organized percep- 
tual-motor coordinations are defined by 
maturation, not learning. A demonstra- 
tion of unlearned spatial control of be- 
havior is the response of human and 
animal infants to the visual cliff. 

8. Young infants control their percep- 
tual environment by their ability to use 
postural and transport movements for 
directional orientation and motion. As a 
rule, they do not develop refined manip- 
ulative control until late in the second 
year. Somewhat later they are able to 
use symbolic control in delayed reac- 
tions and similar tasks. 

9. During the early years of school- 
ing, children develop bimanual control 
and stabilize their lateral dominance. 
Along with these abilities come more 
complicated spatial integrations and the 
ability to formulate and use abstract 
concepts. 

10. Both specific sensory deprivation 
and more general social isolation in in- 
fancy are detrimental to normal develop- 
ment. 

11. Two broad educational principles 
are to help the learner gain control over 
his own actions in relation to the en- 
vironment, and to adjust educational de- 
signs and schedules to the learner’s pat- 
tern of development. 

12. Educational design should follow 
human engineering principles of adapt- 
ing the operational situation to the de- 
sign of the human learner as it changes 
in development. 


13. Through maturational and learn- 
ing changes, the individual gains in- 
creasing control over his own responses. 
This is mainly a matter of establishing 
stability of responses under many condi- 
tions of feedback perturbation. 

14. General knowledge and _ skills 
should be taught under a wide variety 
of feedback conditions with many ma- 
terials and techniques to help the learner 
achieve broad understanding and con- 
trol, and stable learned patterns. 

15. Feedback theory of behavior or- 
ganization rejects homeostatic concepts 
of motivation in favor of homeokinetic 
—that is, conforming to the idea that 
activity is the normal state of the behav- 
ing individual. This interpretation does 
not attribute all motivation to extrinsic 
drive states, for it is believed that ener- 
gizing processes are intrinsic to the be- 
havior patterns themselves. 

16. The most significant aspects of 
human motivation derive from percep- 
tual-motor behavior as seen originally 
in the directional responses of infants. 
Directional patterns can be specialized 
by learning both with respect to biologi- 
cal needs and to biosocial utility. The 
latter changes with the evolution of new 
tools, machines, symbols, and human 
systems and thus is defined by the social 
context. 

17. Children in school are motivated 
by the biosocial utility of response pat- 
terns just as adults are. But perhaps the 
most general characteristic of human 
motivation is the drive to exercise con- 
trol over the environment, which may 
take precedence over other rewards and 
satisfactions even in animals. As the in- 
dividual develops feedback control of 
spatial relationships, progressing to con- 
trol of temporal, kinetic, symbolic, and 
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abstract relationships, he becomes in 
effect a self-governing system. 

18. The human species evolved along 
with human technology, symbol sys- 
tems, and social institutions, with ad- 
vances in one sphere benefiting from 
and contributing to advances in other 
spheres. 
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19. Human learning is understood 
best in its educational setting, where 
human design interacts with the accumu- 
lated cultural and technological knowl- 
edge and skills of the race to generate 
new levels of knowledge and skill and of 
technological and social progress. 
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Feedback transformations, 181, 217f, 428f 
and creative thought, 450-452 
in evolution, 477 
symbolic, 56, 217f, 428f, 441-444. 
See also Feedback perturbations 
Films, educational, 110 
for full courses, 140f 
instructional sequencing in, 144 
learning effects of, 140f, 143f 
motivational effects of, 139f 
participation effects, 145f 
research on design variables, 146-148 
as teaching machines, 262 
Fitts, P. M., 7 
Flow chart, 266-268 
Forgetting 
measurement of, 22 
and response organization, 447 
theories of, 445 
Form discrimination, 41lf 
Formal discipline concept, 407f 
Freeman, F. N., 386 
Freudian theory, 10, 342f 
of forgetting, 445 
of thought, 432 
Functionalism, 33, 38 


Generalization (see Stimulus generaliza- 
tion; Transfer) 
Genetic differences and learning, 358f 


See also Species differences 
Gestalt theory, 26, 37 


and AV utilization, 133f 
of forgetting, 445 


of relational learning, 411 
Gilbert, T. F., 278 


Graphic design 
evolution of, 61-64 


relation to forms of thought, 342-344, 
347 


in symbolic control, 218 
techniques of, 336-338, 342-344, 
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Graphic design (continued) 
See also Book illustrations; Communi- 
cation; Graphics; Writing 
Graphics, research on 
design variables, 146-148, 352-334 
preferences, 330 
quantitative graphs, 147f, 330f, 333 
teaching effectiveness, 141-143, 330-334 
Gropper, G. L., 158 
Group behavior 
and attitude training, 227 
cybernetic interpretation of, 232-234 
research on, 43, 228-232 
training for, 231-234 
Gutenberg, J., 100, 101, 102 


Halbert, M. G., 330 
Handedness (see Lateral dominance) 
Handwriting (see Writing) 
Hastorf, A. H., 346 
Hawthorne effect, 226, 309 
Helmholtz, H. L. F. von, 45, 373 
Hoban, C. F., Jr., 436 
Homeostasis, 36f, 211, 214, 471 
Hoover, H. C., 105 
Hoover, L. H., 105 
Hull, C. L., 46, 47, 359 
Human design 
development of, 2, 467f 
evolution of, 2, 49f, 52, 475f£ 
and learning, 1, 15f, 455 
and machine design, 172f, 177, 180f 
See also Species differences 
Human engineering 
of educational design, 467f 
origins of, 15f, 170, 172£ 


Identical elements concept, 407f, 426 
Illustrations (see Book illustrations; 
Graphics) 
Imitation 
and handwriting, 387f 
and speech, 403 
Imprinting, 456, 466, 472 
Inclusion principle, 425-427 
Individual differences 
and factor analysis of skills, 197 
in movement integrations, 417 
and programed learning, 292, 297f, 323f 
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and training design, 196 
and transfer, 413 
See also Ability; Age; Genetic differ- 
ences 
Industrial training, 222-228 
of attitudes, 226f 
cybernetic principles of, 224-226 
of decision making, 227f 
by self-instruction, 297, 304, 308f 
See also Training; Training techniques; 
Training television 
Information processing 
in behaving systems, 215f 
in thought, 428f, 431, 443, 449f 
in writing, 388 
Information theory, 433f, 436f 
in cognition research, 449f 
limitations of 436f, 441 
and speech, 441 
Inhibition 
in conditioning, 29, 411 
neural, 211, 216, 421-424. 
in serial learning, 41 
temporal, 422 
Intelligibility, 398f 
Interference in learning, 40, 360, 406, 409 
neuronic interpretation of, 421-425 
as theory of forgetting, 445 
See also Transfer 


Knowledge of results 
functions of, 40, 177 
as learning factor, 40, 45f, 176f, 205- 
207, 280 
research on, 204-207, 247-250, 319f, 
322f 
See also Confirmation; Feedback 


Laboratories for training, 75-77 
Language (see Speech) 
Lateral dominance 
development of, 464, 467f 
and displacement effects, 393 
and handwriting, 395f 
and reading, 396-398 
and stuttering, 402 
training of, 468 
Lavoisier, A. L., 76 
Law of effect, 23, 34, 209 
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Leadership 
in communication nets, 230 
cybernetic functions of, 233 
and group performance, 228f 
in teams, 231 
Learning economy, principles of, 38-40 
in audiovisual research, 144-148, 166f 
relevance to training design, 172, 192 
Learning theories, 32-37 
and audiovisual techniques, 130-135 
and categories of learning, 219, 290, 476 
and cognition, 441 
cognitive, 25, 36f, 432 
contiguity, 33f 
and motivation, 10f, 214f 
relevance to educational design, 14, 45- 
47, 134£, 172, 196, 320f, 476£ 
See also Cybernetic theory; Drive-reduc- 
tion theory; Reinforcement theory 
Legibility scales, 386f, 389 
Leibowitz, H., 345 
Lighty, W. H., 110 
Lindsley, O. R., 251, 252 
Low-error hypothesis, 254, 276, 291f 
research on, 316-320 
See also Errors 
Lumsdaine, A. A., 262, 306 


MAC trainer, 188f 
Machine operations (see Tool using) 
Maturation 
of feedback-control patterns, 358, 455 
relation to development, 456 
relation to learning, 456f 
See also Development 
Maze learning, 23-25, 358f 
Meaning 
dimensions of, 339f, 349 
in educational learning, 9f, 45, 289-291, 
296 
feedback basis of, 444, 473 
in speech, 398 
verbal-nonverbal integration in, 134, 165, 
339-341, 347, 349f 
See also Organization 
Memory, 444-448 
changes in, 359 
interactions in, 406, 445, 448 


measurement of, 21f 
training of, 412 
Memory drum, 22 
Memory forms, 339, 446f 
Mental illness 
discriminatory treatment for, 238f 
occupational rehabilitation for, 240-242 
and psychotherapy, 237-240 
MIPS trainer, 250f, 260 
Morgan, C. L., 46 
Motion analysis, 171, 199-202 
continuous ys discrete motions, 201f, 212 
of handwriting, 388E 
of manual skills, 414-418 
of reading, 396 
in training research, 174-176 
See also Movement components 
Motion complexity, 
and asymmetrical transfer, 427f 
and delay effects, 369 
and displacement effects, 376, 380, 392f 
and feedback transformations, 428 
and learning differentials, 414 
and movement correlations, 417f, 427 
and movement times, 388 
Motion pictures (see Films) 
Motion precision 
and asymmetrical transfer, 426f 
and displacement effects, 376, 380, 392f 
and learning differentials, 414£ 
Motivation 
cybernetic interpretation of, 470-475 
and development, 463, 472 
in gestalt theory, 133£ 
interpretation of AV techniques, 131 
intrinsic to behavior, 11, 24f, 36f, 46, 
145, 214f, 471-475 
in learning theory, 10f, 23, 214f, 471 
perceptual and exploratory, 24f, 35f, 46, 
214f, 3346, 472 
social definition of, 473 
Motor theory 
of behavior, 50 
of thought, 42f 
Movement components, 50f, 171f, 174, 
199-202 
correlating, 417-419 
development of, 200, 459, 461-463, 467 
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differential learning of, 175f, 200, 414~ 
416 
differential transfer of, 415f 
interactions of, 175f, 200, 388, 413-419 
measurement of, 200f 
sensori-neuromotor control of, 199f, 356f 
spatial integration of, 357 
specialization of, 413-417 
See also Axial reference systems; Mo- 
tion analysis; Multidimensionality 
Miiller, M., 85 
Multidimensionality of response, 42, 50f, 
171f, 174-176, 199-202 
and educational design, 296 
integration of, 211f, 356f 
and skill specificity, 176 
in speech, 398f 
and transfer, 412-419 
See also Movement components 
Multiple-choice questions 
construction of, 288f 
objections to, 246, 253, 278 
Miinsterberg, H., 141, 142 
Museums, 75f 


Neural function 
differential detection, 355-357, 422-424 
differentiation of, 199, 217, 356f 
inhibitive, 422-424 
See also Cerebral cortex; Neural inte- 

gration theories 

Neural integration theories 
neuronic, 355, 421-424 
synaptic, 211, 355 

Nichomachus, 105 

Nonsense syllables, 21f 


Open-loop systems vs closed-loop, 353f 
Operant conditioning, 30-32, 251 

and self-instruction, 289-291, 293, 320f 
Organization 

as learning factor, 37, 45f, 338f 

in self-instructional programs, 312 

in textbooks, 294f, 339, 346 

See also Meaning; Spatial organization 
Orientation behavior, 360, 462f, 472 

See also Set 
Overlearning, 22 
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in self-instruction, 297 
of skills, 198f, 217 
and stress resistance, 186 


Pacing in self-instruction, 280 
Pall effect, 277, 285f 
Paper, 91, 97 
Participation 
and asymmetrical transfer, 427f 
in audiovisual learning, 166 
in film instruction, 145f 
in industrial decision-making, 229 
as learning variable, 39, 132 
overt vs covert, 39, 145f, 249, 314-316 
in textbook reading, 334 
Pascal, B., 74 
Pavloy, I. P., 31, 41 
Perception 
development of, 460-464 
empirical theory of, 21, 373 
and learning theory, 36, 165, 214-217 
pictorial, 164f, 347 
transactional theory, 165 
See also Motivation, perceptual and 
exploratory 
Peypus, F., 106 
Photography 
in book illustrations, 65-67, 335-337 
as source of knowledge, 349 
in teaching techniques, 79 
Phylogenetic differences (see Species dif- 
ferences) 
Plateau in learning curves, 42 
Practice (see Practice Schedules; Repe- 
tition) 
Practice schedules 
in instructional films, 144-146 
massed ys distributed, 22, 38, 144 
in training, 173f 
whole vs part, 39, 145 
See also Programing; Repetition 
Pressey, S. L., 275, 278, 312, 316 
Printing 
in China, 87, 101f 
development of, 65, 87, 100-102 
of pictures, 65-68, 347-349 
Prints, significance of, 67f, 347-349 
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Problem solving (see Cognitive behavior; 
Thinking. 
Problem-solving research 
animal, 22f 
human, 43 
Programed books, 256-258, 261f 
attitudes toward, 301-304 
vs conventional texts, 302f 
vs live teaching, 301f, 304 
vs teaching machines, 301 
Programing 
branching, 251, 260-262, 266-269, 277f, 
287f 
defined, 5, 276 
feedback schedules, 280 
linear, 251, 258, 276f 
multiple-choice vs constructed-response, 
252f, 278 
pacing, 280, 313 
prompts, 250, 279f, 282f, 285 
repetition and review, 279, 283f, 286 
steps in, 281f 
by teachers, 325f 
of training sequences, 173f 
writing frames, 281-285 


See also Practice schedules; Program- 
ing research; Repetition; Verbal- 
nonverbal integration 

Programing, research on 
audio and visual variables, 141-144, 


146-148 

correction of errors, 316f 

cues and prompts, 147, 250, 321f 

error rate, 316-320 

immediate knowledge feedback, 247- 
249, 319f, 322f 

linear vs branching, 307f, 312f, 320 

meaningfulness, 248f 

multiple choice vs constructed response, 
314, 316 

order of items, 248, 312 

overt vs covert response, 145f, 249, 314 
316, 319 

participation, 145f, 318f 

practice sequencing, 144f, 247f 

program vs textbook, 313 

review, 315-317 

step size, 311f 
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verbal-nonverbal variables, 141-144, 147 
See also Graphics; Practice schedules; 
Programed books: Repetition; Self- 
instruction; Teaching machines 
Programs, self-instructional 
advantages of branching, 288 
availability of, 275£ 
boredom induced by, 277, 285-287, 304, 
311, 321, 335 
limitations of, 292f, 295 
as research tools, 326 
vs textbooks, 313, 316 
uses for, 288, 297 
validation of, 281f 
variations in, 276-280 
See also Programing; Self-instruction; 
Teaching machines 
Prompts 
from book illustrations, 335 
vs confirmation, 250, 322 
in educational films, 147 
in programing, 250, 279f, 282f, 285, 321f 
See also Vanishing, as programing tech- 
nique 
Psychometric tests 
mechanized scoring of, 246f 
of motor skills, 171, 196 
in training programs, 196 
Psychotherapy 
evaluation of, 237-240 
for the handicapped, 235 
in industrial attitude training, 226f, 238 
limitations of, 238-240 
in mental hospitals, 237 
and reinforcement theory, 222, 237 
Punchboards, 247-250 | 


Question drop-out, 246, 253, 279 


Radio, educational, 110£ 
compared with ETV, 143 
recording techniques, 114 
research on, 140-143 

Random activity, 23, 31, 358f 
See also Activity, generation of 

Reading 
behavioral features of, 334, 396 
research on, 396-398 
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and self-instruction, 293f£ 
See also Books; Textbooks 
Receptor action, control of, 354f, 396 
Reflex action, 210f, 354 
Rehabilitative techniques 
for behavior disorders, 237-242 
cybernetic principles of, 236 
for handicapped, 235-237, 468 
occupational, 236f, 240-242 
television, 163f 
See also Psychotherapy; Training 
Reinforcement, 31, 34-36, 349 
compared with feedback, 204, 208-219, 
320-323 
in contiguity theory, 34 
delayed, 209, 212 
partial, 32, 212f 
in school, 251f, 473f 
secondary, 35 
in self-instruction, 290f, 320f 
in sensitivity training, 227 
See also Reinforcement theory 
Reinforcement schedules, 32, 212 
in self-instruction, 321 
Reinforcement theory, 10f, 29f, 32, 34-36 
and cognitive behavior, 432, 444 
compared with cybernetic theory, 208- 
219 
and delayed feedback, 373 
and group dynamics, 232f 
and handwriting, 387 
and psychotherapy, 222 
and self-instruction, 46, 251f, 254, 289- 
291, 320f 
See also Drive-reduction theory 
Relational learning, 25-27, 410f 
Repetition 
and changes in skills, 197-199 
as learning factor, 22, 34, 132, 144, 146, 
153, 166f, 315-317 
in self-instructional programs, 279, 283, 
286 
See also Practice schedules 
Respondent conditioning (see Classical 
conditioning ) 
Response decrement, 213f 
See also Extinction; Vigilance 
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Response specialization, basis of, 419-421, 
445f 
Response strength, differential, 216f, 422- 
425 
Retarded individuals 
rehabilitation for, 236f 
self-instruction for, 258f, 301, 306, 323- 
325 
Retention (see Memory) 
Review (see Repetition) 
Role specialization 
in communication nets, 230 
in cybernetic design, 233f 
in free groups, 229 
in teams, 231f 
Roshal, S. M., 262 
Rote learning theory, 40f 
Ruleg system, 284f, 287 


SAKI trainer, 280 
Satiation 
experiments on, 212 
and novel stimuli, 215f 
Scrambled books, 260-262 
Selectivity in response, 215-217, 358 
Self-instruction, 7f 
attitudes toward, 300-304 
vs conventional teaching 301f, 304-310 
for different ability levels, 323f£ 
effectiveness of, 247-250, 304-310 
individual vs group presentation, 313 
transfer from, 324f 
See also Programed books; Program- 
ing; Programs; Teaching machines 
Semantic differential scales, 302f, 340 
Sensitivity, differential, 216f, 422-425 
Sensitivity training, 226f 
Sensory feedback (See Feedback) 
Sensory preconditioning, 34 
Sensory restriction 
in early development, 457, 464-466 
in institutions, 163f, 239f 
and performance efficiency, 174 
Serial position effect, 40f, 360, 447 
Servomechanisms, 2, 203, 433 
Set 
and AV utilization, 131 
cybernetic interpretation of, 360, 425 
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Set (continued) 
as learning variable, 35, 39, 360 
in transfer, 413 
See also Orientation 
Shannon, C, E., 435 
Similarity 
defined, 410, 412, 424¢ 
and stimulus generalization, 410-412 
in transfer, 360, 407-410 
Simulation 
by book illustrations, 335-338, 347 
in business games, 227f 
research on, 183 
by teaching programs, 326 
in training devices, 182f 
as training principle, 173£, 18] 
See also Computer simulation 
Skills, perceptual-motor 
analysis of, 171f, 196-202 
audiovisual teaching of, 141, 144 
bilateral transfer of, 407 
changes with practice, 197f£ 
compared with symbolic, 448 
factors in, 197f 
interactions between, 408£ 
learning phases of, 198 
learning research on, 41f 
Specificity of, 17] 
tests of, 171, 196 
variable characteristics of, 201f 
See also Athletic skills; Motion analysis 
Skinner, B. F., 275, 276, 277, 312, 316 


321 

Skinner box, 30f 

Sloane, H., 75 

Spatial organization of behavior, 16, 32f, 
211f 


and computer simulation, 272 

in development, 358, 460f, 463f 

evidence for, 367-380, 419-42] 

and learning, 360, 394 

in memory, 338f, 445-447 

neural basis of, 355-357 

in school learning, 295, 331 

vs temporal organization, 14, 24f, 41 
44f, 51f, 212, 350, 357, 367 

See also Axial reference systems; Mo- 
tion complexity; Motion precision 
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Species differences 
in behavior patterning, 84f, 200, 358 
in conditioning, 29f 
in form discrimination, 411f 
in learning ability, 11, 43f, 49, 358 


and learning theory, 14, 25, 214, 217, 


289f, 320 
Specificity of response 


in audiovisual learning, 142f, 146f, 166 


and motion multidimensionality, 176 

in motor skills, 171, 174, 197f 

in programed learning, 324 

verbal vs nonverbal learning, 142-144 
Speech 

control of, 402f, 441 


with delayed feedback, 368, 370, 373, 


399-402 
development of, 403 
intelligibility research, 398f 
movements of, 82-84, 200, 398f 
origins of, 84-86 
perturbed, 440f 
in symbolic control, 218 
Spence, K. W., 359 
Stimulus Generalization, 410-412, 426 
Stress 
effects on performance, 185f, 392 
resistance to, 198 
from sensory deprivation, 465 
training for, 183-186, 468-470 
in vigilance tasks, 174 
Stutter, 402 
artificial, 368, 400-402 
Subject-Matter Trainer, 250, 279f, 322 
Symbolic control, 9, 51f, 443f 
development of, 463f, 468, 475 
evolution of, 52-56, 107, 443 
by intrinsic standards, 208 
relation to direct control, 217f, 442f 
See also Feedback transformations 
Symbolic design 
and feedback transformations, 428f 


and memory, 444-446 
and speech, 398 


and thought, 431, 441f£ 
and writing, 388 
Symbolic learning 


cybernetic principles of, 294-297 
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development of, 457f, 468 
prompts and confirmations in, 322 
transfer of, 407f, 448 
See also Cognitive behavior; Symbolic 
control; Thinking 
Synaptic action, 211, 355 


Tab Item, 249 
Task analysis, 191-196, 198 
Task functions, 193-195 
Teaching 
compared with training, 170 
cybernetic principles of, 107, 294-297, 
466-470, 475 
Teaching instrumentation 
demonstrational, 74-77 
evolution of, 12f, 69-79 
in modern classrooms, 77-79 
prehistoric, 69-71 
relation to cultural organization, 106, 
478 
for space and time, 71-74 
See also Books; Films; Graphics; Ra- 
dio; Teaching machines; Telemation; 
Television; Textbooks; Trainers; 
Training techniques 
Teaching machines, 7f, 46, 245-272 
advantages of, 246, 249, 252 
attitudes toward, 300f 
audiovisual, 262-264 
and audiovisual techniques, 132 
characteristics of, 246, 257 
for composed answers, 252-256, 279 
computer-controlled, 264-269, 271f 
vs conventional teaching, 306, 308, 310 
for handicapped, 258f 
for military training, 188f, 249-251, 260 
for multiple-choice answers, 245-251, 
258-260, 279 
Pressey’s, 245-249 
vs programed books, 301, 311 
for skill training, 268, 280 
Skinner’s, 252-254 
See also Programing; Programing re- 
search; Self-instruction 
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content preferences in, 162f 
effects on children, 161f 
in institutions, 163f£ 
motivational effects of, 160-164 
Television, educational 
advantages of, 125-128, 153, 158, 160 
in college teaching, 148-150 
compared with conventional teaching, 
148-154, 156-158, 166f 
compared with radio teaching, 143 
cost of, 158-160 
for demonstrations, 125-128 
development of, 112-114, 124 
disadvantages of, 124f, 153f, 158 
distribution systems, 118-120 
effects of eye-contact, 163 
instruction procedures, 124-130 
for military training, 151-154 
in public schools, 154-158 
for teacher training, 150f 
team teaching, 125 
See also Training television 
Television recording 
advantages in ETV, 118 
in feedback research, 17, 362, 367f 
kinescopic, 114f 
video-tape, 3f, 115f 
Television techniques, 112-116 
color, 114 
for demonstrations, 125-128 
in developmental research, 461f£ 
in feedback research, 4, 16f, 362, 367f, 
374, 378, 383f 
stereoscopic, 114 
See also Telemation; Television record- 
in; 
TEPI, 191f, 195 
Terry, E. M., 110 
Tests (see Psychometric tests) 
Textbook design, 106, 294f, 329-339, 342- 
345 
principles of, 329f 
research on, 330-334, 345f 
techniques of, 334-344 
See also Book illustrations; Graphics; 


Textbooks 
Textbooks 
development of, 103-106 


Teams, research on, 231f 
Telemation, 128-130 
Television, commercial 
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i transfer of, 426-428 
a Lei scr ae 106 Trainability prediction, 196, 198 
vs self-instructional programs, 293f Trainers _— 
use of multiple, 470 aircraft ejection, 183f 
See also Book illustrations; Books; flight simulator, 182 
Textbook design gunnery, 182 
Therbligs, 171f a7 tae 
i rding, 116-118 radar, 5-7, 
ve nee technical knowledge, 188f, 249-251, 260 
as cybernetic process, 431, 441-444 See also Teaching machines; Training 
development of, 464, 467f techniques 
efficiency of, 448 Trainer-Tester, 294f 
feedback transformations in, 428f Training 


forms of, 341f, 428f 
interpretations of, 432 
related to graphic design, 342-344 
research on, 42-44, 449f 
verbal-nonverbal mediation of, 347 
See also Cognitive behavior; Creative 
thinking; Symbolic control 
Thorndike, E. L., 31, 43, 46, 209, 358, 386 
Time-and-motion study, 171, 176 
Tolman, E. C., 359 
Tool and machine design 
as related to human design, 172f, 180f 
research on, 171, 174£ 
for vigilance tasks, 187f 
See also Tool using 
Tool using 
in cave drawings, 62 
in childhood, 467 
in educational skills, 382 
as feature of human learning, 49 
in feedback control, 9, 217 
feedback sources in, 383 
feedback transformations, 428 
in human evolution, 12f, 52-56, 477 
in motivation, 473 
in primitive teaching, 69-71 
relation to communication and symbol 
ism, 54, 62-64, 85f 
research on, 383-386 
See also Skills; Tool and machine de- 
sign; Trainers; Training 
Totemic symbolism, 59-61, 69-71 
Tracking, 178 
kinds of systems, 178-180, 187f 
research on, 180 


compared with teaching, 170 
cybernetic principles of, 466-470, 475 
in movement control, 395, 468 
See also Industrial training; Rehabili- 
tative techniques; Trainers; Training 
research; Training techniques 
Training research 
on hazards and stress, 183f, 186 
on knowledge trainers, 249-251 
principles of, 173-181 
relation to systems analysis, 180f 
as sector of learning science, 15f 
on simulation features, 183 
on television techniques, 151-153 
See also Industrial training; Program- 
ing research 
Training techniques 
classification of media, 195 
film, 144-146 
in industry, 223-298 
laboratory, 75-77 
prehistoric, 69 
selection of, 195{ 
television, 120-124, 151-154 
See also Rehabilitative techniques; Task 
analysis; Trainers; Training research 
Training television, 120-124. 
See also Television, educational 
Transfer, 40, 133, 360, 406-429 
asymmetrical, 425-428 
of audiovisual learning, 166f, 292 
- bilateral, 407 
of book learning, 329f 
cross-modal, 410, 412 
cybernetic analysis of, 406, 412-425 
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differential, 415-417 in symbolic learning, 296 

and feedback perturbations, 470 See also Book illustrations; Textbook 
of formal discipline, 407f design 

of general principles, 408, 426 Vigilance, 174 

neuronic interpretation of, 424f as problem in feedback control, 174, 
perceptual, 408 186f 

positive vs negative, 406, 408-410 and response decrement, 213 

of programed learning, 283f, 296, 324 in self-instruction, 295 

relational, 410f in thought, 441 

of thinking, 429, 442f, 448 Vocational counseling, 238, 242 


See also Interference; Similarity; Stim- 
ulus generalization 


Transposition experiment, 27, 410f Weintraub, S., 330 
Tremor Wertheimer, M., 134 
in physiological perturbation, 366 WHA, 110f 
in receptor sensitization, 37, 211, 354, WHA-TV, 112 
471 Wolgemuth, M., 65, 66 
Trial-and-error learning, 22f, 43 Workbooks, 257, 335 
Troubleshooting trainers, 188f, 249-251, See also Programed books 
260 Writing 
alphabetic, 82, 84, 92-95 
Universities, establishment of, 103 for the blind, 98f 
Utility of response, 473-475 Chinese, 86-88 
control of, 395 
Vanishing, as programing technique, 254, cuneiform, 88f 
280, 282f, 285 with delayed feedback, 369-371, 389f 


Variability, as educational a with displaced feedback, 376, 390-395 
me eo i yy 166f, 185f, 296f, evolution of, 62f, 86-97 
ae, di hieroglyphic, 90f 
Verbal-nonverbal integration Scat aa) basis of, 382 
in audiovisual techniques 111f, 134, 165f ‘ 
in book design, 106, 329f, 334, 346 ‘ 
in cognitive behavior, 452f relation to speech, 82, 84 . 
in education, 8, 69, 133, 293, 295 relation to work organization, 88 
in feedback control, 442f research on, 18f, 386-395 
in films, 147 
in industrial training, 223 
in meaning, 340f, 347, 350 
in memory, 446 
nonverbal density, 333f 
research on, 141f, 330-334 


mechanization of, 98 


standardization of, 103 
syllabic, 91f 
teaching and training of, 387, 395f, 469 
theoretical analyses of, 387f£ 
tools and materials, 91, 94-98 
Wyckoff Film Tutor, 256, 280 
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